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Four new oxazole alkaloids have been isolated 
from the bark of Halfordia scleroxyla F. Muell., a 
member of the Rutaceae family. These include the 
quaternary base N-methylhalfordiniwn chloride, 
c20H2304N2 Cl+ (XLV), as the major alkaloid and minor 
quantities of the related tertiary bases halfordine, 
cl9H2004N2 (XLVI), halfordinone, cl9Hl803N2 (XLVII), 
and halfordinol, c14H10o~2 (XLIV). 
The structures of these alkaloids were determined 
by chemical degradation and were all shown to be 
derivatives of 2-(3-pyridyl)-5-(4-hydroxyphenyl)oxazole. 
Physical methods, including nuclear magnetic resonance 
and mass spectrometry, have independently confirmed the 
proposed structures. This is the first time that the 
oxazole ring has been shown to occur in the alkaloids 
of the Rutaceae family. 
The chemical properties of the Halfordia alkaloid s 
have also -been investigated and a number of interesting 
and unusual reactions are describedo 
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One of the most interesting plant families from 
the point of view of alkaloid production is the Rutaceae 
family, a group that has been extensively studied in 
recent years, both in Australia and overseas. Such 
investigations have characterised alkaloids with a 
large variety of unusual structures, which, with the 
promise of new drugs, are of great interest to the 
' ' 
chemical and medical sciences. 
Halfordia scleroxyla .and H. kendack F. Muell., 
rain-forest trees of millable size ~hat grow in northern 
Queensland, are members of the -genus Halfordia in the 
sub-tribe Toddaliinae of the family Rutaceae . (Engler 
and -Prantl, 1931). They were first investigated for 
alkaloids by Hegarty and Lah_ey . (1956 _) as part of . the 
-phytochemical survey which is . at present being carried 
out in Australia under the auspices of the C.S.I.R.O. 
(see Price, 1960). The bark of both species gave 
positive tests for alkaloids but no significant quantity 
of basic material was isolated. However, Crow (1960) 
recently reinvestigated the bark of Halfordia scleroxyla 
and isolated considerable quantities of a water-soluble 
quaternary alkaloid by extraction of its chloride salt 
with phenol. Analysis of a number of salts of the 
alkaloid showed that it had the empirical formula 
+ c20H23o4N2 and also indicated the presence of an 
N- methyl group . Thus the alkaloid was given the name 
N- methylhalfordinium ion o 
In the present investigations, the structure and 
properties of this compound have been determined. The 
• 
2. 
isolation procedure was reinvestigated and led to the 
discovery of four new tertiary bases in the bark extract 
as well as the N- methylhalfordinium ion. Three of 
these , halfordine, halfordinone and halfordinol, were 
shown to be closely related to the quaternary alkaloid. 
The fourth, halfordamine , has a different type of 
structure but, because it could only be isolated in 
small yield , its structure was not elucidated . 
The structures of the four related alkaloids, 
N 
. I t 
" I 0 
OR 
N- Methylhal f ordinium ion 
where R = 
~H3 
r 
- CH - CH - C - CH 








~~ Halfordinone R - - CH ·- C - C -CH__ 2 ll I o 
~ N 
' O~y 
~ I OR1 
0 H 
Halfordinol R' = H 
were all shown to contain the 2-(3-pyridyl)-5-phenyl-
oxazole nucleus . 
I . l . Biogenetic Relatiomships in the Rutaceae 
As the Halfordia alkaloids are the first naturally-
occurring pyridyl-oxazole bases to be isolated, 
considerable interest is attached to their biosynthetic 
derivation and their place in the general pattern of 
alkaloid structures found in the Rutaceae. 
With this in mind, a brief summary of the alkaloid 
constituents of the Rutaceae family is given below, 
together with the biogenetic relationships put forward 
by previous authors . Much of the information is drawn 
from recent reviews by Price (1956, 1960) and Battersby 
( 1961) . 
A notable feature of the Rutaceae family is the 
variety of structures found in the alkaloids that have 
been isolated from it. Although there are nine main 
categories of alkaloids, the bulk of those discovered 
so far belong to what is considered a biogenetically 
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This group includes the furoquinolines (e.g. evoxine 
(II)) and acridines (e.g. acronycine (III)), which 
are restricted 
(III) 
to the Rutaceae family and often occur simultaneously 
in the same plant. The former are very widespread, 
occurring in all four of the alkaloid-containing sub-
families and have recently been found in a third tribe 
of the Rutoideae sub-family (Duffield, 1963). The 
alkaloid-containing groups within the Rutaceae family 
are summarised in Table 1 . 
4. 
TABLE 1. 
Sub-Family Tribe Alkaloid Types 
Rutoideae Xanthoxyleae Q F A In C B 
Ruteae Q F 
Boronieae F 
Diosmeae 
Cusparieae Q Im 
-
Flindersioideae Flindersieae Q F 
Toddalioideae Toddalieae Q F A In B Im 0 
Aurantioideae Aurantieae F 
Q = Quinolines, F = Furoquinolines, A= Acridines, C = 
Canthinones, In= Indoloquinazolines, B = Benzyliso-
quinolines, Im= Imidazoles, 0 = Oxa9oles, Qz = 
Quinazolines. 
In the same biogenetic group as the furoquino.Lines, 
but not restricted to the Rutaceae, are the quinolines 
(e.g., orixine (IV)) and quinazolines (e.g., arborine 
( V)) • 
0 
I 
CH - 0 2 ( IV) 
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A variety of biosynthetic pathways, which incorporate 
anthranilic acid as a precursor (Robinson , 1955; 
Wenkert, 1959), have been suggested for these bases. 
However, these do not have the sound backing of 
experimental work using trace elements. 
6. 
By a somewhat tenuous route, the Halfordia alkaloids 
could also be included in this group. A possible bio-
synthetic scheme would include the condensation of 
nicotinic acid (VI) and p-hydroxyphenylalanine (VII) 
(both well known precursors for other alkaloids) to 
form the amide (VIII) which could be cyclised to the 
oxazole ring of halfordinol (IX). As nicotinic acid 
is known to arise (in animals and Neurospora) from 
3-hydroxyanthranilic acid (X), via the inter100diate (XI) 
(Dalgliesh, 1951), this could complete the biogenetic 
link. However, the last part of this hypothesis is 
cast into considerable doubt by work reviewed by 
Battersby (1961), which was unable to show any link 
between anthranilic acid and the pyridine ring in 
nicotine and similar alkaloids isolated from the higher 
plants. 
Following the discovery of oxazole alkaloids in 
the Rutaceae, the possibility arises that a number of 
the amides which have also been isolated from this 
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8. 
Two of these amides aegelin (XII) (Chakravarti et al., 
1958) and N-(2-p-anisylethyl)-N-methylcinnamide (XIII) 
(La Forge and Barthel, 1944) are structurally ve-ry 
similar to the only other oxazole alkaloid isolated, 
annuloline (XIV) (Karimoto et al., 1962). 
(XIV) 
OCH 3 
The four other categories of alkaloids present in 
the Rutaceae family are the biogenetically distinct 
groups, the indoloquinazolines (e.g., evodiamine (XV)), 
benzylisoquinolines (e.g., chelerythrine (XVI)), 
oanthinones (e.g., 4-methylthiocanthinone (XVII)) and 
the imidazoles (e.g., pilocarpine (XVIII)) . Separate 
biosynthetic schemes have been proposed for all these 
alkaloids by a number of workers including Wenkert 
(1959) and Robinson (1955), but an attempt to include 
them into an overall biogenetio scheme for the 
Rutaceae family appears to be well nigh impossible as 
well as an unnecessary restriction. Also, because a 
large number of genera have not been investigated, 
the structural possibilities of this family are unlikely 










Another outstanding feature of the Rutaceae 
alkaloids (and other chemical constituents) is the 
widespread occurrence of the oxygenated iso-pentenyl 
side chain, attached to a variety of structures. It 
occurs as a carbon-carbon addendum in such structures 
as the gem-d imethylpyran ring of acronycine (III), as 
an iso-propylfuran ring in lunasine (XIX), and as a 
-
10. 
straight glycol side chain in orixine (IV) . The same 
side chain is also present in alkaloids such as evoxine 
(II), being attached to the main nucleus by an ether 
linkage. Thus it was not surprising to find this 
structure occurring in the Halfordia alkaloids (see 
section II.3.). 
The biosynthesis of the iso- prene unit via the 
-
acetate-mevalonic acid pathway is now well established 
and the mechanism of formation has recently been 
reviewed by Cornforth (1960). 
I.2. Constituents other than Alkaloids. {Halfordia 
scleroxyla F._Muello) 
The chemical constituents of the Halfordia genus 
have been investigated on a number of occasions prior 
to the present work. The first workers (Jones and 
Lahey, 1943) investigated the essential oil from the 
leaves of Halfordia kendack F. Muell . and. found that 
they contained d-~-pinene (90%), p-cymene, terpinol 
and a sesquiterpene. As part of the Phytochemical 
Survey, work was done on the bark of H. scleroxyla 
llo 
and H. kendack by Hegarty and La.hey (1955 ) in an 
effort to isolate the alkaloids present. Although 
these workers were not able to isolate any reasonable 
quantity of basic material, they obtained three 
coumarins (two of which were new) from H. scleroxyla. 
The known coumarin was xanthoxyletin (5-metho:xy-6,7-
(2',2'-dimethylpyrano-5',6')-coumarin) whose structure 
had been determined by Bell and his co-workers (1936)0 
The two unknown coumarins were named halfordin and 
isohalfordin, and the former was the only coumarin 
isolated from the bark of H. kendack. 
0 
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12. 
The structures of halfordin (XX, a orb) and 
isohalfordin (XXI, a orb) , put forward in the original 
paper, were based mainly on the results of a number 
of ozonolysis experiments, which caused fission of the 
furan or pyran ring or both, depending on the conditions. 
The prolonged-ozonolysis products, upon which the 
structural argument depended, were highly substituted 
phenolic aldehydes, which were very difficult to 
characterise. Consequently, when nuclear magnetic 
resonance spectra showed that the proposed structures 
were incorrect, the problem was reinvestigated (Lahey, 
1963) . Although this work is not yet complete, a 




Work is continuing on isohalfordin. 
I.3. Pharmacology of Oxazoles 
As the occurrence of oxazole compounds in nature 
was unknown until very recently (.Karimoto et al., 19~), 
little work has been published on the physiological 
effects of such bases. The toxicity of oxazoles to 
mice (Feuerrigel, 1933) and the bacteriostatic effect 
of 2-sulphanilamido derivatives of amino- and ami:no-
phenyloxazoles (Anderson et al., 1942) have been 
investigated, but few studies have been made on other 
effects of oxazoles in living organisms. 
The only other reference available on this subject 
is concerned with the inhibition of thermoregulation 
(Poikilothermia) which is produced in mice by certain 
oxazole quaternary salts (Lushbough, 1956). Although 
s0me 2-pyridyl-5-phenyloxazole quaternary salts were 
synthesised for testing (Ott et al., 1956), the only 
results published so far are for oxazolium tosylates. 
The two compounds which stood out as being potent 
inhibitors of the temperature regulating ability in 
mice were 2-(4-methoxyphenyl)-3-methyl-5-phenyloxazolium 
tosylate (XXIII) and 2-(1-naphthyl)-3-methyl-5-phenyl-
oxazolium tosylate. The authors also referred to 
experiments in progress, which showed that these drugs 
produced a pronounced vasodilation which was not 
responsive to normal vasoconstriotors. 
( XXIII) OTs- = p-toluenesulphonate 
Before their structures were known, N-methyl-
halfordinium chloride and halfordine were subjected 
to a general pharmacological screening without 
yielding any positive results. However, if the 
experiments in progress with the other 2-pyridyl-5-
phenyloxazole bases show promise, these alkaloids 





II.l. Isolation of the Alkaloids 
15. 
Preliminary experiments showed that the major 
basic constituent of the bark of Halfordia scleroxyla 
is a water-soluble quaternary alkaloid. Thus, the 
usual isolation methods alkaloids could not be used. 
Crow (1960) overcame this difficulty by extracting 
the quaternary chloride salt with phenol. In order 
to use this method, the initial methanolic bark-extract 
was dissolved in water and all the water-insoluble 
compounds were removed by extraction with the normal 
solvents. The aqueous solution was then acidified 
with strong hydrochloric acid and the quaternary 
ch.loride extracted with phenol. After removal of the 
solvent, the quaternary base was purified as its 
picrate or perchlorate salt . 
Although this method has been used previously for 
extraction of quaternary bases from plant material 
(see, for example, Price, 1959), it suffers from a 
number of disadvantages. Apart from the difficulty 
and unpleasantness of handling this compound in large 
quantities, phenol is not a very selective solvent and 
probably extracts many water-soluble impurities as 
well as the quaternary chloride. It is also a 
relatively reactive compound. Further work has sho n 
that the strong acid used also attacked reactive 
groups in the molecule (see section II . 2.) and formed 
bases which were not present in the plant. The salts 
formed by this technique were black gums and difficult 
to purify . 
Thus, owing to the unsuitability of existing 
methods of isolation, a number of alternative 
procedures were tested. The use of cation exchange 
resins, including sulphonic and carbonic acid types, 
to separate the quaternary base from other non-ionic, 
water-soluble products (see, for example, Berggren.et al., 
1958) was found to be impracticable, as those resins 
which retained the quaternary ion would not exchange 
it readily with other cations. 
The most successful method of purification 
depended upon the preliminary removal of water-soluble 
impurities from the bark-extract. Because the 
impurities were thought to be polyphenolic in 
character, use was made of nylon powder as a specific 
adsorbent for these compounds. This technique has 
been employed previously in the wine and brewing 
industries and also in this department (Kolar, 1961). 
Prior to filtration with Nylon Filtration Paste (D.S. 
3850 . I.C.I. Ltd.), the aqueous-methanolic bark-extract 
was exhaustively extracted with ethyl acetate to 
remove coumarins, essential oils and tertiary bases. 
This procedure allowed the quaternary ion to be 
precipitated from the filtrate as its light-yellow, 
crystalline picrate, m. p. 140-143°. In experiments 
where insufficient nylon powder had been used, the 
picrate precipitated as a brown gum, but never as the 
black tar of previous extractions. This gum could be 
crystallised from hot water or, in difficult cases, 
purified by chromatography on deactivated alumina using 
aqueous acetone as the solvent. The yield of N-methyl-
halfordinium ion by this method was 0.6 per cent of 
the dried bark weight (double that of the original 
method) and showed a single spot on a paper chromato-
graph (Rf• 0 . 6, using butanol/acetic acid/water, in 
the proportion 17/3/80, as solvent) . 
Although no tertiary bases were isolated by 
previou~ workers, their presence in the original plant 
material was mentioned by Hegarty and Lahey (1956) 
and Crow (1960) . The latter recorded them as blue-
fluorescent spots on a paper chromatogram. In the 
present work, the tertiary bases were isolated by the 
normal methods used for alkaloid extraction; but it 
was shown that they are present in only small 
quantities (0 . 025 per cent on the- basis the dried bark 
weight) . These bases were separated from the coumarins 
18. 
and essential oils, in the above-mentioned ethyl 
acetate solution, by extraction with dilute hydro-
chloric acid to yield a mixture of tertiary alkaloids 
(as a thick brown gum). They were separated by 
ad·sorption chromatography on alumina and four bases 
were isolated. Three of these , namely halfordine (XLVI), 
halfordinone (XLVII) and halfordinol (XLIV) were shown 
to be pyridyloxazole alkaloids closely related to the 
quaternary base, N-methylhalfordinium chloride. The 
fourth base, halfordamine, whose structure is unknown, 
has an ultra-violet spectrum (Fig. 22) quite different 
from those of the other compounds. The complete 
isolation procedure is summarised in Figure lo 
Tertiary bases are undoubtedly present in the 
original plant material, but there is no proof that 
balfordinone and halfordinol are not produced during 
the extraction by hydrolysis of halfordine . The 
normal method of distinguishing between constituents 
present before and after extraction, partition 
chromatography, was ineffective as no solvent system 
was discovered that separated the three bases. 
However, hydrolysis is unlikely because the conditions 
normally used for hydrolytic fission or dehydration 
of the halfordine side-chain (see Section II.2o) are 
much more vigorous. As halfordamine is an entirely 
19. 
different type of base, it, or a precursor, must have been 
in the original plant material. 
Methanolic Bark-Extract 














Half ordine Halfordinol N-Methylhalfordinium 
Halfordinone Halfordamine 
----------- --
Figure l e 
II . 2. Relationship between the Alkaloids 
(a) N-Methylhalfordinium ion 
Picrate 
As two modifications, with different melting points 
and degrees of hydration, existed for both the picrate 
and perchlorate salts, some difficulty was experienced in 
the original characterisation of the N-methylhalfordinium 
ro. 
ion. The N-methylhalfordiniwn picrate isolated during 
the work up of the plant material, on recrystallisation 
from water, gave yellow needles, m.p. 143-144°, which 
analysed for the picrate of ·c20H25o5N;. When this 
compound was recrystallised from methanol it yielded 
orange-brown prisms of higher m.p. (198-199°), analysing 
for a c20H23o4 N; picrate salt (with one N-methyl group). 
Analysis for picric acid confirmed this formula as 
against that of a c10H12o2N+ compound. This salt was 
reconverted to the lower melting-point piorate by re-
crystallisation from water. As the infra-red (I.R.) and 
ultra-violet spectra of the two compounds were almost 
identical it appears that the two salts are merely 
hydrate modifications of the same quaternary cation. 
Either form of N-methylhalfordinium picrate could 
be converted to the perchlorate salt by ion exchange 
methods and a similar phenomenon was observed on 
manipulation of this salt. On recrystallisation from 
water, the salt gave fine yellow needles, which melted 
at 146-148°, resolidified and remelted above 200°. 
However, if it was purified and recrystallised very 
slowly from water, the salt was obtained as orange-brown 
prisms, m.p. 205-206°. Analysis of the latter compound 
showed that it was a mono-hydrated; perchlorate salt 
+ of c20H23o4 N2• Unlike the case of the picrate, the 
210 
lower- melting, perchlorate salt could not be purified 
sufficiently for analysis without converting it to the 
higher melting-point form. Physical measurements (for 
example, ultra- violet and I . R. spectra) and comparison 
with the picrate again indicated that the two salts were 
merely hydrate modifications of the same quaternary 
cation (the salt with m. p . 148° is probably a di-hydrated 
compound) o 
N- Methylbalfordininm piorate (or perchlorate) could 
also be converted into a chloride salt by ion exchange. 
This compound was very soluble in water, but re-
crystallisation from methanolic ethyl acetate gave yellow 
( + -needles of N-methylhalfordiniwn chloride c20H23o4N2 Cl), 
0 
m. p . 232- 235 . No other melting point modification of 
the chloride was isolated . 
In these ion exchange transformations, although the 
use of aqueous methanol as a solvent gave the cleanest 
products, it was not a good solvent for N-methylhalf-
ordinium picrate. Therefore, for large scale work aqueous 
acetone was used. It was found that, unless the solvent 
was removed at low pressure and temperature, the yield 
of chloride from the picrate salt was lowered considerably 
by the formation of dark red tars. 
It appears that no chemical change had occurred in 
the alkaloid cation on changing the anion, as all the 
22. 
quaternary salts were completely interconvertible (Fig. 
2) . Also, all these salts had a single spot (showing 
Picrate I 




m. p . 206 
Chloride 
0 
m. p . 235 
Picrate II 




m. p . 148 
Fig . 2. The Interconversion of N- Methylhalfordinium Salts . 
yellow fluorescence under ultra- violet light), at 
R:r = 0 . 6 (butanol/acetic acid), on a paper chromatogram. 
As the I .R. spectra of the salts had to be determined in 
the solid state, due to their lack of solubility in 
suitable solvents, few conclusions could be dravm. from 
the results. Nevertheless, they showed the absence of 
a carbonyl group and the presence of either OH or NH 
-1 -1) groups (I.R. bands at 3340 cm and 3320 cm • The 
ultra- violet absorption spectra of the salts (Fig. 9), 
discussed in detail in a later section , indicated the 
23. 
presence of an extended, conjugated system but were not 
comparable to those of any known alkaloid. 
( b) Halfordine 
Determination of the relationship between the 
N- methylhalford.inium ion and the tertiary bases was the 
first step in the structural investigations of the 
Halfordia alkaloids. As analytical data had indicated 
that this quaternary ion was an N-methylated derivative 
of halfordine, an attempt was made to relate the two by 
pyrolytic demethylation of N-methylhalfordinium chloride, 
under vacuum. However, the results were complicated by 
the production of mixtures of tertiary bases . The 
proportion and total yield of the products depended 
greatly on the time , temperature and pressure of the 
reaction. Separation was achieved by chromatography on 
alumina. Investigations showed that pressures of below 
0 . 2 mm at 190° completed tre demethylation in a relatively 
short time (2 h) with high yields of halfordine (70%), 
halfordinone (5%) and halfordinol (3%). Higher 
pressures, higher temperatures and longer times gave 
lower total yields and a greater proportion of halfordinone 
and halfordinol . 
Halfordine was shown to be the unrearranged de-
methylation product of the N-metbylhalfordinium ion by 
reversing the reaction with methyl iodide under pressure. 
Halfordine methiodide was then converted to the picrate, 
24. 
which was shown to be identical to the N-methylhalfordinium 
picrate obtained from the working-up of the bark-extracto 
(f) heat 190°/0.2 mm 
Cl9H2004N2 ° CH3 
' 
Cl9H2004N2 CH3I N- Methylhalfordinium ion Halfordine 
~ ~ --=.w 
Halfordinone and halfordinol must therefore be further 
transformation products of the quaternary chloride. 
Halfordine analysed as c19H20o4N2 with no 0-methyl 
or N- methyl group . The result of C-methyl analysis was 
somewhat below 90 per cent of the calculated requirement 
for one C-methyl group, a figure consistent with either 
one C- methyl or a gem-dimethyl grouping. The alkaloid 
0 
crystallised from methanol as cream needles, m.p. 163-164 , 
but was not very soluble in less polar solvents. The 
I .R. spectrum in chloroform indicated the presence of 
( -1 -1) two OH groups bands at 3602 cm and 3589 cm but no 
carbonyl or NH groups . However , even under forcing 
conditions halfordine only formed a mono-acetyl 
derivative, m. p . 112-113°, with I.R. bands at 1754 cm-1 
(0-acetyl C=O) and 3593 cm-l (hydroxyl OH). This was 
probably due to steric effects and is comparable to the 
behaviour of evoxine (II) which was converted into a 
di- acetyl derivative only under extreme conditions 
(Eastwood et al . , 1954) . Similar conditions used with 
halfordine produced halfordinone in addition to the 
mono-acetyl derivative . 
25. 
As halfordine did not form an 0-methyl derivative 
(with diazomethane) or dissolve in alkali, the hydroxyl 
groups were considered to be non-phenolic. Since the 
other two oxygen atoms were not identifiable by I.R. 
spectroscopy they were presumed to be involved in ether 
linkages. 
(c) Halfordinol 
Although halfordine was found to be stable to dilute 
acid, it could be slowly hydrolysed to halfordinol by 
heating on a steam bath in 12 [-sulphuric acid o 
C14HgON2- 0 - C5Hll02 
Halfordine 
H+ 
> cl4 HgON2 - OH + [c51\102 
Halfordinol 
As the ultra-violet spectra of these two alkaloids were 
almost identical, except for the wave-length shifts of 
the latter in alkali (Fig. 10) it was clear that the 
aromatic nucleus had remained unchanged during the 
reaction and only a non-chromophorio function had been 
removed. 
Halfordinol, c141\0o2N2 , crystallised from methanol 
as cream needles, m.p. 255-257°, but was insoluble in 
most other organic solvents. As the alkaloid was in-
soluble in chloroform, its I.R. spectrum was determined 
in the solid state. This indicated the presence of 
either an OH or NH group (broad band at 3460 cm-1 ) and 
the absence of a carbonyl group. Halfordinol formed an 
26. 
acetyl derivative, m. p . 167-168°, with an I.R. band at 
1753 cm- 1 (0-acetyl C=O) and an 0-methyl derivative, 
m. p . 0 99- 100 0 The presence of a phenolic hydroxyl group 
was also indicated by the solubility of the alkaloid in 
alkali; but it failed to show a ferric chloride colour 
reaction . 
Analytical data for the two bases showed that a 
C5 H11 o2 group had been removed during the hydrolysis 
reaction o The loss of this group from halford.ine, by 
fission of · an ether linkage attached to a phenyl ring, 
was indicated by the presence of a phenolic hydroxyl 
group in the product . , As the "C5
11 group did not have a 
hydrogen deficit, it must have been fully saturated and 
without any ring structure o 
(d) Halfordinone 
An intermediate stage in the hydrolysis of half-
ordine was discovered when the reaction was attempted 
in more dilute acid (5 !). A mixture of three bases, 
halfordine, halfordinol and halfordinone, was formed. 
Halfordinone was also hydrolysed to halfordinol in 
strongly acid conditions . 
Halfordine 
c14HgON2 - 0 - C5HgO 
H/ Halfordinone 
c14HgON2 - OH 
Halfordinol 
27. 
Halfordinone, c19is_8o3N2 , has a single 0-methyl or 
gem-dimethyl group and no 0- or N-methyl groups. It 
crystallised from acetone/light petroleum as colourless 
0 
needles, m. p. 130- 131 , and was soluble in ether as 
well as more polar solvents. The I.R. spectrum failed 
to show the two OH bands of halfordine, but showed 
instead strong absorption at 1728 cm-l (ketone C=O) o 
Halfordinone gave a positive test with 2,4-dinitrophenyl-
hydrazine (D.N.P.) reagent but did not yield a 
crystalline derivative, presumably due to partial 
hydrolysis to hal.fordinol in the acidic medium. 
These results indicated that halfordinone had a 
similar structure to halfordine except that a glycol 
grouping of the latter had undergone a pinacol-pinacolone 
type of rearrangement (Fig. 3). 
OH OH o"H t o+H2 0 I I H+ ,~ I II I 
- c - c- ) -c - c~ - c - c-
i I 1/1 -H 0 I H H 2 H 
Fig . 3 . 
As expected, the quaternary base N-methylhalf-
ordinium chloride resembled halfordine in its behaviour 
on treatment with acid. It was hydrolysed to the 
N-methylhalfordinol ion by heating (100° for 2 h) with 
7 N-hydrochloric acid. This was then recovered and 
-
purified as the picrate salt. As in the case of the 
28. 
parent quaternary base, it could be converted by ion 
exchange methods to the perchlorate or chloride salts. 
These had very similar properties to their respective 
N- methylhalfordinium analogues except that they were 
higher melting and less soluble in polar solvents, 
differences to be expected on loss of a dihydroxylated 
ether function from an otherwise aromatic structure. 
The ultra-violet .spectra of the two quaternary ions 
were almost identical and, as for halfordine and half-
ordinol, the only difference was the wave-length shift 
in alkaline solution (see section IIo?). The structure 
of the N-methylhalfordinol ion was confirmed by 
pyrolytic demethylation of the quaternary chloride to 
give halfordinol, in high yield. The reaction was also 
reversed by N-methylating halfordinol with methyl 
iodide to yield the quaternary iodide, which was 
converted to the other salts by the normal methodso 
No 0-methylation occurred in the reactiono 
As in the case of halfordine, hydrolysis of 
N-methylhalfordinium chloride in more dilute acid 
yielded a mixture of bases. Owing to their quaternary 
nature, fractional recrystallisation of the salts was 
the only method of separation. Thus an analytically 
pure salt of the N-methylhalfordinone ion was not 
obtained. However the I.R. spectrum of a perchlorate 
29. 
salt m.p. 158-160°, isolated from the reaction mixture, 
- 1 
showed strong absorption at 1710 cm indicative of a 
ketone carbonyl band. This salt was hydrolysed in 
strong acid to the N-methylhalfordinol iono 
) 
N-methylhalfordinium~+ H_;1N-met~ylhalfordinone 
+ HO - c14H90N2.cH3 
N-methylhalfordinol 
The series of reactions mentioned in the above 
section is summarised in Fig. 4 and shows the 
relationship between all the alkaloids isolated from 
the plant except halfordamine (probably c11H11 o3N) 
whose structure is unknown. 
N-Methylhalfordinium ion 
picrate, m.p. 198-199° 
with 1 x-N-
+ 1 x-N-C~ 
2 x OH 
c14H90N 2-0- c5HgO 
Halfordinone 
m.p. 130-131° 
with 2 x N 
1 x C=O 
heat (-CH3 )--3 
N-M§_!,hylhalfordinol ion 
picrate, m.p. 316-320° 
with l x -N- 1 x OH 
+ 1 x-U-C~ 
Halfordine 
m.p. 163-164° 






II . :5 . The uc5_n_s_i_d_e_C_h_a_i_· n_ 
From the series of reactions mentioned above it 
was seen that halfordine and halfordinone differed from 
halfordinol only by the presence of an easily removable 
0 c5 "'
1 group . Thus, determination of the nature of this 
group was the next step in the elucidation of the 
alkaloid structures . In view of the well established 
propensity of the Rutaceae to incorporate an oxygenated 
iso- pentenyl chain into its chemical constituents (see 
-
section I . l), it was reasonable to assume that the same 
structure was present in the Halfordia alkaloids. 
Initial experiments were aimed at settling this pointo 
The uc5 n fragment, obtained as a low-boiling 
neutral oil , was one of the products of acid hydrolysis 
of halfordine (see section II . 2) and was extracted from 
the reac t ion mixture with ether. As a consequence of 
the drastic condi t ions used, the yield of oil was low. 
A similar hydrolysis of N- methylhalfordinium chloride 
was accomplished in more dilute acid and higher yields 
were obtained . 
The I .R. spectrum of the nc5 n oil indicated the 
presence of carbonyl and hydroxyl groups. Characterisation 
was attempted with 2, 4- dini trophenylhydrazine ( D. N'. P.) 
reagent and a good yield of crystalline hydrazone 
derivative was obtained . However, on attempted 
purification by fractional recrystallisation, the yield 
/' 
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-dropped rapidly and products with widely different 
melting points were isolated according to the method 
of purification. The analytical data on any of these 
products were never conclusi 're but approximately fitted 
compounds from c2H2o2 (glyoxal) D.N.P. to a c5H80 D.N.P • . 
Because the oil was a complex mixture of compounds and a 
number of these had soluble D. N.P. derivatives, other 
methods of characterisation were found necessary e 
A vapour-phase . chromatography study of the oil 
proved successful. Preliminary investigations were made 
with a number of known low molecular weight ketones, 
aldehydes and alcohols to deterraine the optimum 
conditions and best column packings . For the column 
finally selected (F & M Scientific Corporation, Carbowax 
20M), the results indicated that the retention time of 
a compound was proportional to its molecular weight and 
only slightly affected by changes in the functional 
groups. While this offered some preliminary 
identification, it was, of course, inadequate for un-
equivocal identification. Further work showed that the 
separated fractions could be recovered from the effluent 
gas by bubbling through, (i) a cooled carbon tetra-
chloride solution (for I .R. spectra determination) or 
(ii) a dilute hydrochloric acid solution of D.N.P . (for 
a crystalline derivative). As little as 3-4 pl of 
liquid was needed for the I . R. determinations and no 
detectable decomposition occurred on the thermi stor 
block or injection port of the instrument. 
By these methods the oil was separated into 
seven components (Fig. 23, section III). The yields 
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of three of these were sufficient for positive 
characterisation using the methods ind.icatedo The 
procedure was repeated using mixtures of the hydrolysis 
oil with authentic samples to confirm the conclusions. 
Thus acetone, iso-propanol and l-hydroxy-3-methyl-
butanone (XXIV) were positively identified. 
H C O OH 3 \ II f 
CH·- C - CH 
/ 2 
H C 3 
( XXIV) 
H C 
2 ~ H 
H C 3 
/ 
C - C=O 
(XXV) 
A fourth fraction from the mixture was identified. 
by I.R., as a conjugated aldehyde or ketone (band at 
1695 cm-1 ), the retention time indicating a 11 c4 n 
compound . A possible structure for this compound (XXV) 
is given above, but it could not be completely 
characterised. 
Reduction of N-methylhalfordinium chloride with 
tin and hydrochloric acid (see section II.6) also 
yielded a 1105 " fragment as an oil. The gas chroma to-
graphy technique indicated the presence of the same 
components as above. The yield of iso-propanol, however, 
34. 
was much greater in this case ~ 
The structures of the hydrolysis products characterised 
are consistent with the hypothesis that the C5H11o2 group 
of halfordine is an iso-pentanediol ether attached to a 
-
phenolic oxygen, as shown below (XX:VI) o 
The breakdown scheme for (XXVI) 
?~ 
R_ 0 - CH - CH- C - CH 




R_ O- CH - CH - 0 - CH_ 
-1. I 2 r I -a 
?~ 
H · 1 OH 0 - H 
0 CH~ II 1--6 
11J_ OH + CH3- CHO + 0::C - C~ + CH- 0 - CH - CH f 2 3 
OH 
where R3=R2=H and R1=c14.t1goN2 , would account for the 
compounds isolated but the point of attachment is not 
necessarily defined at this stage. The product 
expected from the simple acid hydrolysis of the ether 
35. 
linkage of (XXVI) (with any possible combination of 
groups on 11., R2 , and % ) , 3 , 3-dimethylglycerol ( XXVI, 
Ri=R2=R3=H), was not isolated presumably because of 
its high solubility in water. Subsequent oxidation 
or dehydration of this compound could also account 
for almost all of the reaction products observed. It 
is obvious , from the number of unidentified products, 
that a complex series of other reactions had occurred 
both before and after the original ether fission . 
The point of attachment of the ether link on the 
C5H11o2 side chain was determined by oxidation of 
halfordine with periodic acid. The only volatile 
product of this reaction was acetone. Thus carbon (1) 
(XXVI) is most probably the point of attachment for 
the side chain . 
H3C ?H ?H ~J 
H3C 




H (H2) f I 
O=C - C - 0 - R 
(XXVIII) 
The other product of the periodate oxidation 
(XXVIII), a nitrogen containing aldehyde (I.R. band 
at 1740 cm- 1 ), could not be purified as it decomposed 
to halfordinol during recrystallisation. 
A final confinnation of the structure and mode 
of linkage of the alkaloid side chain was the 
production of p-carboxyphenoxyacetic acid (XXIX), 





on permanganate oxidation of halfordine. It was shown 
(see section II .4) that the - O-CH2-cOOH group was a 
residue from the iso - pentyl function. Hence the primary 
carbon atom, which was attached to the phenolic oxygen, 
ooula only be carbon (1) in structure (XXVI). 
Thus the partial structures of halfordine and 
halfordinone (which arose from halfordine by aehydration 
or acid rearrangement of the glycol group (see section 
II . 2)) are (XXVII) and (XXX) respectively. 
(XXX) 
Eastwooa and his co-workers (1954) also observea 
a pinacol-pinacolone rearrangement in the same glycol-
ether function of the furoquinoline alkaloid evoxine 
(II) . 
Apart from the three tertiary alkaloids which 
were isolated from the plant material and whose partial 
37. 
structures are discussed above, one other base was 
obtained by pyrolysis of N- methylhalfordinium chloride. 
It was produced, along with low yields of the nonnal 
products (see section II . 2), when the quaternary 
chloride was pyrolytically demethylated at a relatively -
high pressure (15 mm at 230°). This base, m. p. 195- 196°, 
analysed as a c19i,_8o4N2 compound with a single C-methyl 
or a gem- dimethyl group . The ultra- violet spectrum of 
this compound was almost identical to that of haJ.f-
ordine but the I . R. spectrum (potassium bromide disc) 
( -1) showed the presence of one OH group band at 3461 cm 
( -1) and a ketone carbonyl group band at 1721 cm • 
Although further work could not be done with this 
alkaloid because insufficient material was available, 
it was considered to be an oxidised product of half-
ordine with the partial structure shown (XXXI). 
H3C \ IH R 
/ C - C- CH2- - 0 -c14HgON2 
H3C 
( XXXI) 
II .4 . The Structure of Halfordinol 
From the relationship existing between the 
quaternary and the tertiary alkaloids isolated (see 
section II . 2), it can be seen that the major problem 
in their structure elucidation was the determination 
of the structure of the halfordinol nucleuso 
38. 
Halfordinol (c141\0o2N2) was clearly an aromatic 
compound (hydrogen deficit 22) and its stability to 
chemical degradation confirmed this. Its ultra-violet 
spectrum (see section II . 7) was unlike the spectra of 
published alkaloids or other common ring systems, 
except certain 2-phenyl- 4-quinazolones (Amarego, 1962). 
As the I.R. spectrum did not indicate the presence of a 
carbonyl group, a quinazolone structure was ruled out . 
~reliminary tests (Liebermann nitroso and others) 
indicated that both the nitrogen atoms were part of 
heterocyolic aromatic ring systems and, as the second 
oxygen was not detectable by I.R. or chemical methods, 
it was assumed to be in a very stable ether group. 
Since there were no susceptible points of attack in 
the molecule, other methods of structure determination 
had to be investigated. The two most promising 
approaches were vigorous but indiscriminate chemical 
attack on the aromatic nucleus and use of the relatively 
new physical methods, mass spectrometry and nuclear 
magnetic resonance. The latter methods (describe d in 
sections II . 5 and 8) supplied some critical information 
during the closing stages of the chemical work. After 
the structure was fully established, considerable 
information of a more fundamental nature was obtained, 
particularly with respect to the mode of breakdown 
of oxazoles on electron impact. 
39. 
Oxidative degradation proved to be the most 
successful type of reaction in solving the structural 
problem o A number of reagents were tried in various 
solvents to give a range of oxidising strengths. These 
included chromic acid and potassium permanganate. The 
former was less satisfactory and its use soon dis-
continued because of the difficulty in isolating basic 
fragments from the reaction mixture. Acidic potassium 
permanganate proved to be the best reagent, as milder 
reagents (for example, permanganate in acetone) 
produced mixtures of partially oxidised products from 
halfordine . Although none of these were isolated in 
sufficient yield for purification and analysis, I.R. 
and ultra- violet spectra indicated that they were 
compounds with oxidised side chains. The mild reagents 
showed no reaction with halfordinol o 
At the time, methods for obtaining reasonable 
yields of halfordinol were unknown, therefore, the 
initial experiments were all concerned with the 
oxidation of N- methylhalfordinium chloride and half-
ordine . In both cases the product isolated was a 
colourless organic acid, obtained in low yield. It 
proved difficult to purify but by repeated re-
crystallisation from ether and sublimation, an analytical 
sample was prepared . 
The resulting micro-crystalline solid, m.p. 283°, 
analysed satisfactorily either for a C9Hg05 or a 
c11~ 0o6 compound. The equivalent weight (106) was in 
between that for a dicarboxylic acid of either fonnula 
(98 and 119 respectively), but did favour the former. 
The I .R. spectrum of the acid (potassium bromide disc) 
-1 -1 had absorption bands at 1739 cm , 1707 cm and 1677 
- 1 ( cm in the carbonyl region . These are not assigned 
as one is probably due to a dimeric form of the acid). 
This compound formed a colourless dimethyl ester, m.p . 
92°, which analysed as either a c11~ 2o5 or c13H14o6 
product, although again the lower molecular weight 
product was favoured. The I .R. spectrum of the ester 
showed the presence of the two ester carbonyl groups 
by bands at 1763 cm- 1 (aliphatic ester) and 1707 cm-1 
(aromatic ester) and -the absence of any other carbonyl 
or hydroxyl groups . This was confirmed by the lack 
of further reaction with methylating and acetylating 
agents and D. N.P . reagent . The hydrogen deficit (12) 
and ultra- violet spectrum of the acid also indicated 
the presence of a benzene ring in the molecule. 
Due to its poor yield and difficulty of purification, 
the oxidat.ion acid was submitted for analysis by mass 
spectrometric methods. This indicated that the 
molecular weight was 196 which is consistent with the 
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c9H8o5 formula . Interpretation of the mass cracking 
i' pa\ern (see section II . 8) in the light of the chemical 
evidence suggested that this acid was p-carboxyphenoxy--
acetic acid (XXIX) . Synthesis of this compound from 
chloroacetic acid and p- hydroxybenzoic acid by the method 
of Meyer and Duczmal (1913) confirmed this structure 
for the oxidation acid . 
The origin of the oxyacetic acid portion of this 
product was established by oxidation of the 0-methyl 
derivative of halfordinol in a manner similar to half-
ordine . The resulting acid was shown to be anisic acid 
(XXXII) , 
HOOC o - c113 
( XXXII) 
by I .R. and melting point comparison with an authentic 
sample . Thus, the oxyacetic acid group of the p-carboxy-
phenoxyacetic acid originated from the first two carbon 
atoms of halfordine's iso-pentyl ether function. As 
mentioned in section IIo3, these experiments gave proof 
of the point of attachment of the ether linkage on both 
the nucleus and the side chaino 
The products recovered from the oxidation reactions 
had , therefore, accounted for only seven carbon atoms of 
-, 
the halfordinol nucleus . Considerable difficulty was 
encountered in the efforts to extract other fragments 
of the molecule from the reaction mixture. No further 
material could be isolated under either aciaic or basic 
conditions and even the methods used for isolating amino 
acids, such as anthranilic acid (Sidg wick, 1942), were 
unsuccessful . Finally , a product was isolated from the 
oxidation of 0-methylhalfordinol with acidic permanganate. 
This was obtained by carefully adjusting the pH of the 
decolourised reaction mixture to 6.5 with sodium 
hydroxide, concentrating the solution to crystallisation 
and then continuously extracting it with methylene 
chloride. The colourless crystalline product, m.p . 131°, 
isolated by this method analysed for c6H60N2 and was 
shown to be an amide by I.R. bands at 1685 cm-1 (amide 
) -1 - 1 ( ) C=O, 3390 cm and 3160 cm amide NH. Comparison 
of the melting point and I.R. spectra of the fingerprint 
region with an authentic sample confirmed that the 














The recovery of this product explained the previous 
difficulties with the attempted isolations, as both 
nicotinamide and its hydrolysis product, nicotinic acid 
(XXXIV), are very soluble in water and could not be 
isolated from acidic or basic solutions. 
Thus the oxidation reactions had accounted for all 
except one of the carbon atoms of halfordinol and had 




The outstanding problem was, therefore, the method of 
joining the two halves as there were a number of possible 
positions for the remaining carbon atom on the nicotinamide 
nucleus . These included the amide carbon and nitrogen 
or any of the ring positions (as pyridine dicarboxylic 
acid derivatives are known to decarboxylate relatively 
easily (Mosher, 1950)) . 
A solution to this problem was found in the results 
of catalytic reduction of the quaternary alkaloids. 
Earlier attempts to reduce N-methylhalfordinium chloride 
with metal/acid combinations and halfordine by zinc dust 
distillation had resulted in almost complete failure 
(see section II . 6), but catalytic hydrogenation had shown 
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some promise . Although mild conditions with catalysts 
such as Raney nickel and even plati i um oxide in neutral 
solutions left both the tertiary and quaternary alkaloids 
intact , the latter reagent in acidic solutions led to a 
large uptake of hydrogen by the bases. The products in 
the case of the tertiary bases, halfordine and halfordinol, 
were oily mixtures of partially hydrogenated compounds 
which could not be separated by adsorption chromatographyo 
Hydrogenation of the quaternary N-methylated bases 
produced a single completely hydrogenated product and 
gave , at the same time, a marking methyl group for 
distinguishing between the two nitrogen atoms. Therefore, 
no further work was done with the tertiary bases even 
though it was obvious that slightly stronger conditions 
would have completely hydrogenated them . 
The best conditions eventually found for the reaction 
were hydrogenation of a solution of the quaternary salt 
in aqueous hydrochloric acid at atmospheric temperature 
and pressure , with platinium and perchloric acid as 
catalysts . The product was then extracted from the 
basified reaction mixture as an almost-pure colourless 
solid , m. p o 84° . As expected, both N-methylhalfordinium 
chloride and N-methylbalfordinol chloride yielded the 
same product due to hydrogenolysis of the side-chain 
ether linkage in the former. Iso- propanol was the only 
-
hydrogenolysis product isolated from break-down of the 
side chain. 
The hydrogenation base analysed as a c15H28oN2 
compound and was shown to contain a secondary amide group. 
Its I .R. spectrum indicated the presence of the amide 
group by bands at 3340 cm- land 3080 cm-l (amide NH), 
1660 cm- 1 (amide c~o) and 1556 cm- 1 (amide II band). 
Shift of the amide II band on deuteration indicated that 
the amide was a secondary acyclic structure (Bellamy , 
1960) . Confirmation of the amide group was obtained by 
lithium aluminium hydride reduction to an oily di-amine 
which was analysed as its crystalline di-picrate and 
shown to have the formula c15H30N2• 
From these results it could be seen that the amide 
oxygen must have arisen by hydrogenolysis of an ether 
linkage attached to a carbon atom a to the non-quaternary 
nitrogen . Also , as no carbon atoms were lost from the 
nucleus during the reaction, this ether group must have 
been part of a ring system. The oxygen atom at the 
para position of the phenyl ring was probably lost by 
dehydration of a partially hydrogenated intermediate. 
As the hydrogenated amide was completely saturated, the 
analysis figures indicated the presence of two rings 
which, because they did not contain oxygen atoms, must 
be the same groups that gave rise to nicotinamide and 
a benzoic acid on oxidative fission. This left only 
three possible structures for the hydrogenation product, 
()ocxv) ' ( XXXVI) and ( XXXVII) • 
N 0 CH3 
c,A ~ 0 . N NJ N 
I !H.3 CH3 
, (XXXV) (XXXVI) 
(XXXVII) 
The obvious approach at this stage, that is amide 
hydrolysis, was, surprisingly, completely unsuccessful. 
The amide resisted all attempts to degrade it • .Among 
the reagents tried were boiling 40 per cent sodium 
hydroxide solution, refluxing 60 per cent sulphuric acid 
and potassium hydroxide fusion, all of which left the 
starting material unchanged . However, the C-methyl 
analysis indicated the absence of this group in the 
molecule and hence structures (XXXVI) and (XXXVII) were 
47. 
unlikely . In addition to this, the mass spectrum of 
halfordinol (see section IIoB) indicated the formation 
of the ion (XXXVIII) on electron impact. This would have 




(XXXVI) for the amide. The 
absence of C-methyl also excluaea 
compounds with extra carbons 
(XXXVIII) attached to the piperidyl ring 
(for example, XXXIX), a possibility mentioned in 
connection with the oxidation products. These results 
left the amide (XXXV) as the most probable structure for 
the hydrogenation product. 
(XXXIX) 
In order to confirm these hypotheses, N-methyl-
hexahydronicotinoyl-2-cyclohexylethylamine (XXXV) was 
synthesised by the path shown in Figure 5. The amide, 
N-nicotinoyl-2-phenylethylamine (XL), was formed by 
refluxing phenylethylamine (XLI) with nicotinic acid 
(XLII) and crystallised out on cooling. This was 










compound (XLIII). As with the alkaloid hydrogenations, 
Adam's catalyst and perchloric acid were needed to 
achieve complete hydrogenation. The hydrogenation 
product was then N-methylated, without further purification, 
by the Eschweiler-Clark technique (Moore, 1949). The 
resulting N-methylhexahydronicotinoyl-2-cyclohexyl-
ethylamine (XXXV) was shovm, by melting point and I.R. 
spectra comparison, to be identical with the amide 
obtained by hydrogenation of the quaternary alkaloids. 
Thus the only reasonable structure for halfordinol, 







Hence N- methylbalfordinium chloride (XLV), halfordine 
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0 - CH- C - CH - CH3 2 II 
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OOo 
Evidence from the nuclear magnetic resonance spectra 
and mass cracking patterns of these bases (discussed in 
sections II . 5 and 8) support these structures. 
II. 5 . Nuclear Magnetic Resonance Spectra of Halfordinol 
Tierivatives 
Nuclear magnetic resonance spectroscopy (NMR), the 
theory of which has been fully covered in the literature 
(see, for example, Pople tl_al., 1959), has been 
extensively used in recent years for structure determination 
and confirmation. This technique is especially useful 
for organic molecules with a limited number of protons 
of widely differing types . In this respect, structural 
confirmation of the nucleus of the Halfordia alkaloids 
proved to be an ideal problem o 
The review of Jackman (1959) was used for general 
references to the chemical shifts of lmown moleculeso 
The method of reporting results follows that advocated 
by Slemp (1962) 0 
To enable a complete analysis of the NMR data to be 
achieved, compounds which had as few protons as possible 
were chosen for investigation. These were the two bases 
halfordinol and 0- methylhalfordinol (XLVIII). The latter 
compound gave an ideal spectrum (Fig. 6); as it was 
soluble in deuterochloroform and all the protons were 















































































































































































































Interpretation of the low- field signals (in Figo6) 
was greatly simplified by the similarity of this region 
of the spectrum to that of the alkaloid, myosmine (XLIX) 





The two signals at lowest field (9~34 and 8 o7 ok) were 
due to the protons~ to the pyridine nitrogen because 
of the position and because on addition of a trace of 
hydrochloric acid, resolution of the signals is losto 
This is due to the additional coupling of the ~-protons 
with the proton on the quaternised nitrogen . The 
k All signals are reported in ppm as S values (cps/60), 
the internal standard tetramethylsilane being taken 
as S :::0. 0 . 
52. 
doublet at 9.34 b, showing 2 cps splitting, arises 
from H(l) ' then- proton which is de-shielded by the 
oxazole nucleus . The cross- ring coupling which causes 
the splitting probably arises from the H( 4 ) proton and 
is small compared to nearest-neighbour coupling. The 
three multiplets centred at 8.7 o, 8.35 6 , and 7.4 b 
correspond to an ABX system (Pople et alo, 1959) and 
are associated with the three remaining hydrogens on the 
pyridine ring (for simplification the small cross-ring 
coupling of H(l) is not considered) . The relative 
chemical shifts of the different protons on pyridine 
derivatives have been determined by a number of workers 
including Bernstein and Schneider (1956) and Baker (1955). 
These results show , together with the change produced on 
addition of hydrochloric acid, that the quartet at 8. 7 6 
is the H( 2) spectrum split by interaction with H( 3 ) and 
H( 4 ) . The sextet to the right of this ( 8. 35 6 ) is due 
to the H( 4 ) proton; the major splitting (8 cps) is 
caused by t.he "ortho "H( 3 ) proton. The last quartet 
(one peak obscured by a singlet band at 7.36 & ) of the 
low- field group (centred at 7o4 ~ ) is the H(o) spectrum, 
which shows signs of further splitting by cross-ring 
coupling with the H(l) proton . 
The singlet at 7.36 & is associated with the H( 5 ) 
proton on the oxazole nucleus. As no NMR data were 
available on the oxazoles, it could only be compared to 
the a-proton of pyrrole (Abraham ana Bernstein, 1959) 
in chemical shift. Thus, the NMR spectrum was unable 
to distinguish between substitution at the different 
positions on the oxazole ring . 
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The remaining bands in the medium-field region of 
the spectrum correspond. to an A2x2 system (Pople et al., 
1959) and are due to the aromatic protons H(B) and H(?) o 
A similar spectrum is shown by p-chloro-icxlobenzene 
(Jackman, 1959) o The doublet centred at 7.65 6 showing 
9 cps splitting arises from the H( 6 ) protons, each band 
being also split into a triplet by cross-ring coupling 
( small in this case). The doublet centred at 5o 03 f:, , 
due to the H(?) protons, is similarly split and is 
shielded relative to the H(B) protons by the adjacent 
0- methyl group . The final band, a singlet at 3o85 ~ 
represents the signal of the three 0-methyl hydrogens. 
The spectrum of halfordinol, determined in 50/50 
deuterochloroform/dimethyl sulphoxide, was similar to 
the above spectrum, but was less easily interpretable 
because of solvent interference o 
These results confirmed the proposed structure 
for the aromat ic nucleus of the Halfordia alkaloids . 
54. 
II . 6. General Rections of the Halfordia Alkaloids 
In his recent review on oxazoles, Cornforth (1957) 
stressed that this group is very stable to many chemical 
reagents which attack the analogous furan and pyrrole 
derivatives. This enhanced stability can be explained by 
assuming that interaction between structures involving 
dipolar forms, such as those shown below, results in the 
"non-localization" of six 11'-electrons . This stability is 
especially noticeable in the case of the 2,5-diphenyl-
substituted derivatives where the delocalization of 
electrons can occur over the whole structure. This was 
apparent in the earlier work on the Halfordia alkaloids, 
-
. and many reactions which did occur took place at the 
pyridine or phenyl ring in preference to the oxazole ring. 
As the following discussion is a review of the type 
of reactions that occur in the aromatic nucleus of the 
alkaloids, most of the work is concerned with halfordinol 
and its N- methyl derivative, which do not possess the 
unstable iso-pentyl side chain. 
-
The tertiary Halfordia alkaloids were all weak bases, 
but their acid dissociation constants were not determined 
because of their insolubility in aqueous solutionso 
However , they form stable salts with acids, such as picric 
acid, in contrast to normal oxazole bases (Cornforth, 
1957) . It has been shown by Ott and his co-workers 
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(1956) that pyridyl-oxazoles are quaternised preferentially 
on the pyridyl nitrogen atom. This was also observed in 
the present work and is consistent with the weakly basic 
nature of the oxazole nitrogen. No conditions were 
found which indicated that quaternisation of the oxazole 
nitrogen could occur. 
( a) H.ydrolysis 
The stability of the oxazole nucleus is noticed in 
the great resistance to acid hydrolysis possessed by the 
Halfordia alkaloids . An example of this is shown by the 
strong conditions (12 ! - sulphuric acid at 100°) used to 
cleave the side-chain ether linkage of halfordine; these 
had no effect on the oxazole ring. Even more vigorous 
conditions had little effect on the ring structure and 
no hydrolysis products could be isolated. 
The tertiary alkaloids are also very stable to basic 
hydrolysis . Halfordinol dissolves in 2 N-alkali to form 
a yellow-orange solution of the phenolic anion which, 








can regenerate the tertiary base without fission of the 
oxazole ring. Strongly alkaline conditions (for example, 
40 per cent sodium hydroxide at 100°) had no effect and 
even fusion with potassium hydroxide resulted in only 
slight hydrolysis occurring. The products isolated were 
pyridine and phenol. 
The action of alkali on the quaternary alkaloids 
was quite different, and raised some interesting, and as 
yet unsolved, problems. Considerable difference was 
noticed b_etween the reactivity of the N-methylhalfordinol 
salts (LI, RH) and those with substituents on the phenolic 
oxygen (for example, 0-methyl-N-methylhalfordinol salts 
(LI, R=c113)). Solutions of N- methylhalfordinol chloride 
changed from yellow to deep red on addition of weakly 
alkaline reagents, such as dilute ammonia and sodium 
bicarbonat~ solutions. The change was also noticed in 
the ultra-violet spectra (see section II o?) with a shift 
of 60 mµ (to higher wave - lengths) in the absorption peak 
at 360mp . This is a considerably greater effect than 
expected for a simple change from phenol to its anion 
(Gillam and Stern, 1958). With solutions of N-methyl-
halfordinol perchlorate a red solid was precipitated in 
weakly alkaline media, which recrystallised from water 
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+ as a mono-perchlorate salt of c30H29o6N4 (probably 
c30H25o4 N4 +. 2H20, this extent of hydration is not 
unusual for perchlorate salts) o 
OH 
N- Methylhalfordigol perchlorat~ Red Dimer 
58. 
On treatment with acid, this compound gave the original 
N- methylbalfordinol iono The quaternary N-methyl-
halfordinol salts polymerised to red or black intractible 
resins in strongly alkaline solutions . 
When the phenolic OH was protected (as in 0-methyl-
N- methylhalfordinol salts) the initial reaction failed 
to occur, although stronger alkali (greater than 5 N-
sodium hydroxide) gave the red resins. This leads to the 
suggestion that formation of a phenolic anion is a 
critical feature of the reaction mechanism. 
The reactions can be explained by the mechanism 
shown in Fig . 7 . On treatment with base, the quaternary 
salt (LI , R-H), forms a pseudo base ( LII, R H) which 
can react with the "alkoxide" zwitterion (LIII) to form 
the red dimer (LIV) (which precipitates out) . These 
are all reversible reactions and would favour the pseudo 
base and the zwitterion unless the dimer was removed 
from solution . In strongly alkaline solutions the 
tautomeric form (LV) of the pseudo base, which has 
reactive carbonyl and amine groups, would polymerise 
irreversibly . 
Reactions of the type shown are well known in 
heterocyclic chemistry (for example, Zinche, 1915)0 
Thus, Beke and Szantay (1961) claim to have isolated 
the compound (LVI) from the pseudo base (LVII) of . an 
iso-quinolinium salt . Previous workers (Zincke and 
-
59. 
Weisspfennig, 1913) had suggested the hemi-acetal 
structure (LVIII) for this compound but it was eliminated 
on the grounds of molecular weight determinations and 
I .R. spectra. Structures of the same type cannot be 
















contains a quaternary nitrogen atom and the I.R. spectrum 
does not show the presence of a carbonyl group. 
Another structure which was proposed for the 
N-methylbalfordinol perchlorate dimer was the unusual 
l 
quinonoid structure (LIX) . This could have arisen 
from the form (LX) of the zwitterion (LIII, Fig . 7) 









pyridine ring of the quaternary salt (LI , R~H). The 
quinonoid structure was consistent with most of the 
data available on the dimer, but there were two features 
which excluded its acceptance: (i) the absence of a 
ca rbonyl band in the I . R. spectrum, (ii) it is doubtful 
whether the structure, once formed, would easily 
regenerate the starting material o 
This reaction series is further complicated by a 
new product obtained as deep red-purple needles, IDoP • 
141- 142° , on recrystallisation of the N-methylhalfordinol 
dimer from methanol . Although satisfactory analyses 
have not yet been obtained, indications are that it is 
a c16H16o3N2+ perchlorat e salt . The I.R. spectrum of 
this compound is similar to that of the starting 
material except in the fingerprint region. The fact 
that this methanol recrystallised p:roduct is a quaternary 
610 
monomeric form of the N-methylhalfordinol ion, with 
possibly one methanol molecule present, conflicts with 
all the structures previously put forward. 
There are many difficulties attached to making 
any really critical experiments on the nature of these 
alkali- produced changes . Methods such as NlVIR and mass 
spectrometry are not possible because the compounds 
produced are quaternary salts and, as such, are insoluble 
in the normal NMR solvents and do not have an appreciable 
vapour pressure at normal temperatures. There are, 
however , two possible approaches. The first is to 
attempt chemical modification at pH 7-12 to "freeze" 
any unstable structural forms of the N-methylhalfordinol 
ion into non- reversible modifications. This method 
has been used by Albert and his co-workers (196l) to 
determine the position of "covalent hydration" in 
quinazoline; here 4- hydroxyquinazoline was produced by 
oxidation in dilute acid . The second approach is a 
study of the ultra- violet spectra of the N-methyl-
halfordinol ion, at a wide range of pH values, to 
determine the number and extent of the changes which do 
occur. Lack of time has prevented further study on 
the problem . 
(b) Oxidation and Substitution Reactions 
Oxazoles are readily attacked by many oxidising 
agents (for example, cold permanganate solution) and the 
62. 
data given by Cornforth (1957) indicated that the 4,5-
double bond was sensitive to oxidation. The oxidation 
products of alkaloids such as 0-metbylhalfordinol (that 
is, anisic acid and nicotinamide) are in accord with 
this type of degradation. Results reported for the 
oxidation of 2,5-diphenyloxazole (Fischer, 1896) suggest 
that the compounds (LXI) and (LXII) would have been 
N---r 
~ O OH 
N .,.,, 
( LXI) (LXII) 
intermediates in the alkaloid oxidation. 
An attempt to oxidise 0-methylhalfordinol with 
nitric acid, a reaction used extensively with the 
f uroquinolines (Price, 1956) to degrade the ring system, 
was unsuccessful . Heating this compound with con-
centrated nitric acid produced a c15H12o6N4 dinitro 
compound as orange needles, m.p. 178-179°, with a 
similar ultra-violet spectrum to the starting materialo 
Oxidation of this dinitro-0-methylhalfordinol with 
potassium permanganate, using the same technique as 
for the other tertiary bases (see section II o4), yielded 
3-nitroanisic acid. This determined the position of 
63. 
one of the nitro groups. Since the conditions used 
for the nitration reaction were relatively mild, 
substitution on the pyridine ring is very unlikely, 
which leaves the 4- position of the oxazole ring as the 
most favoured point of substitution for the second 
nitro groupo Therefore, the structure of this product 




Bromination was the only other successful 
substitution reaction which occurred. Treatment of 
halfordinol with bromine, yielded a tri-substituted 
(c14H7D2N2Br3 ) product, as cream needles, m. p . 277-279° . 
However, as the yield from the reaction was low (due 
to the production of a number of unidentified products) 
it was not possible to dete1~ine the positions of 
substitution. Because it is unlikely that all three 
bromine atoms are on the phenyl group and as the 
pyridyl ring is not susceptible to attack, substitution 
probably occurs at the 4- position of the oxazole ring. 
Very little is known about such reactions in oxazoles 
and the only electrophilic substitution recorded in 
these compounds (Albert, 1959) was also bromination 
at the 4- position of a 2,5-substitutea oxazole 
(c) Reduction 
In contrast to their relative ease of oxidation, 
the pyridyl-oxazole alkaloids were very stable to 
reducing conditions. As mentioned in section II o4 , 
a number of reducing agents were tried in an attempt 
to break open the oxazole ring without splitting the 
molecule into fragments. Reagents such as sodium in 
64. 
liquid ammonia, sodium in alcohol and catalytic 
hydrogenation in neutral solutions left the tertiary 
alkaloids almost unaffected . A small amount of a very 
strongly fluorescent compound was produced from the 
reduction of balfordinol with sodium in liquid ammonia, 
but insufficient quantities were obtained for a pure 
sample to be prepared. Catalytic hydrogenation in 
acidic solutions completely reduced the quaternary 
alkaloids to N- methylhexahydro- nicotinoyl-2-cyclo-
hexylethylamine (XXXV)o However, even here, the 
reduction was probably initiated by the quaternary 
nitrogen of the pyridine ring and was not a reaction 
of the oxazole groupo (The momentary red colouration 
of the reaction solution may have been due to a di-
hydropyridine intermediate similar in stYucture to the 
pseudo bases mentioned in connection with basic 
hydrolysis.) 
An attempt was also maae to reduce N-methyl-
half·ordinium chloride with tin and hydrochloric acid. 
Although reductive cleavage of the side chain occurred 
(see section II . 3) , no product from the nucleu~ could 
be recovered . Instead, as soon as the solution was 
basified prior to work- up , the surface of the reaction 
mixture turned deep purple, suggesting aerial oxidation 
of a partially reduced intermediate . 
One other reducing reagent used in this survey was 
lithium aluminium hydride (LAH) , a compound which is 
known to reduce 2 , 5- diphenyloxazole to 2-benzylamino-1-






This reagent is also known to reduce pyridine to di-
hydropyridine via the intermediate (LXIV) (Gaylord, 
1956) . When LAH was added to the tertiary Halfordia 
alkaloids (either dissolved or suspended in ether) 
hydrogen was evolved and the reaction mixture changed 
from light yellow to deep red. However, as soon as an 
attempt was made to work-up the reaction by addition of 




material could be isolated from the solution. 
The inability of LAH, .and also sodium in liquid 
ammonia, to reduce the Halfordia alkaloids is very 
surprising as many other pyridine derivatives are 
reduced readily to dihydropyridines by both these 
reagents (Katritzky and Lagowski, 1960). As no evidence 
as to the nature of the coloured intermediate(in the 
case of LAH reduction) is available,nothing conclusive 
is known of the reasons for these results. Bohlmann 





for an intermediate in the reduction of quinoline to 
dihydroquinoline. It is possible that a similar 
coloured complex formed in the case of halfordinol is 
stabilised by delocalisation of the charge over the 
whole molecule, and would not react with a proton, on 
addition of water, to form the dihydrogenated product. 
It can be seen from this survey of the chemical 
properties of the Halfordia alkaloids that the reactions 
67. 
occurring can be divided up into two categories. The 
first group are those which can be predicted from the 
reactivities of the individual rings in the molecule, 
for example, oxidation and substitution. The second 
and most interesting group of reactions are those which 
are due to the molecule as a whole; these include the 
reaction of alkaline reagents on the quaternary salts. 
II . 7 . Ultra-Violet Absorption_Studies 
As a consequence of their strong fluorescence 
under ultra-violet light, a considerable amount of work 
bas been done on the spectral properties of 2,5-diphenyl-
oxazole compounds. Lister and Robinson (1912) showed 
that whereas electron donating groups (i.e ., methyl, 
alkoxyl and amino groups) enhance fluorescence; electron 
withdrawing groups (i .e., nitre groups) tend to destroy 
it . Hayes and his co-workers (1955, 1957) extended this 
survey to the scintillation properties of 2 ,5-diphenyl-
oxazoles and also included a study of the ultra-violet 
absorption spectra of these compounds. Among the 
products whose spectra were determined, were 2-(4-pyridyl)-






salt (Ott et al . , 1956) . 
As can be seen in Fig. 8, the ultra-violet spectra 
of halfordine is of a similar type to that of the 
synthetic tertiary base but it is obvious that substitution 
of the pyridine group in the 3 position as against 4 and 
the presence of an ether group on the para position of 
the phenyl ring, have a considerable effect on the low 
wave- length section of the spectrum. This is even more 
noticeable with the quaternary bases and, as shown in 
Table 2 , the position of the absorption maxima are not 
comparable even to the 2-(3-pyridyl)-5-phenyloxazole 
quaternary salt (complete spectrum not published). The 
ultra- violet spectrum of the tosylate anion will have 






OTs- = p-toluenesulphonate 
[2- (5- Phenyloxazoyl)] -1- methylpyridinium Tosylates 
Ultra-Violet Absorption Maxima 
Compounds 2, 3, 4-isomer, N-methylhalfordinium 
ion, 
'1_ m 360 326 371 355 
log 4 . 35 4 o24 4 34 4ol'4 
"2 m 249 256 248 264 
log , 4 ol0 4 ol2 4 ol5 4ol6 
4.l Fig. 9, 
4.1 
4.0 
3 .. 9 
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Although the ultra-violet spectra of halfordinol 
and its N-methyl salts are very similar, in neutral 
solution, to halfordine and the N- methylhalfordinium 
salts respectively (Figs. 8 to 11), theshlfts observed 
in alkaline solution were considerably different. As 
expected, halfordine itself showed very little change 
in alkali but the absorption spectrum of halfordinol 
showed the anticipated, strong bathochromic shift, due 
to the formation of the phenolic anion. The band }.max. 
335 mp moved to ND.ax. 370m p o 
In the case of the N-methylhalfordinium perchlorate, 
the lower wave-length peak shifted from ).max. 264m~ to 
}max. 295 mp in alkali but the higher peak shifted only 
5 mp to }max. 360 mp. In contrast; with N-methylhalfordinol 
perchlorate the shifts were to ND.ax. 285 mp and to }max. 
425 mp with much higher extinction coefficients. This 
indicated that different types of products were fanned 
in each case. As mentioned in section II06 these could 
have been the pseudo base (LII, R C5H11o2) in the case 
of N-methylhalfordinium perchlorate and the dimer (LIV) 
with the N-methylhalfordinol salts. A study of the rate 
of change of the ultra-violet spectrum with time, on 
addition of alkali, showed that the reaction was much 
faster than expected (less than~ sec) for the changes 
shown. Investigations are being continued to determine 
the spectra of the quaternary salts in solutions with a 
.... 
series of different pH values. This may enable the 
number and nature of the changes involved to be 
elucidated . 




Structure determination of organic materials by mass 
spectrometry involves the elucidation of mass spectra in 
terms of ion structures and reactions. This is achieved 
by study of the mass spectra of the unknown material before 
and after it has been chemically and/or isotopically 
modified . For materials with unusual structural 
features, study of suitable model compounds is also used. 
Mass spectrometry relies on the production of a beam 
of positive ions from sample molecules (M), by removal 
of single electrons with ionizing electrons, according 
to the reaction, M: + e- - --7 M~ + 2e- . Depending on 
+ the energy imparted to the species M. by the ionizing 
electron it will rearrange or break down into fragment 
ions and free radicals (or neutral molecules). For 
example: 
M~ ----~ A;+ B 
(At - radical ion, B = neutral molecule) 
(A+ = ion, Bo= free arl i ca 
710 
The fragment ions can also rearrange or dissociate. 
A summary of the reactions which can occur has been given 
by McLaff erty ( 1959). Break-down does not necessarily 
occur at the position of removal of an electron, as the 
redistribution of electronic charge between the bonds 
takes place so rapidly that all the bonds are weakened 
simultaneously in the ionization process. However, 
there are generally some bonds which are weakened much 
more than the others. Thus, similar types of compounds 
give similar ion fragments. 
Recognition of the "parent" or molecular ion ( :M+) is 
of paramount importance in mass-spectra analysis when 
determining the exact molecular weight of an unknown 
compound. Although such ions are the heaviest which 
can be formed by a uni-molecular reaction, and often 
stana out prominently at the heavy-mass end of the 
spectrum, in some mass spectra the parent ion intensity 
is extremely small and may be undetectable (Beynon, 1960)0 
Meta-stable peaks, characterised by their diffuse shapes, 
- often occur in mass spectra and are of value in 
elucidating ion reactions. These meta-stable peaks are 
due to ions which dissociate after they have left the 
region of maximum ion accelerating voltage but before 
they reach the collecting mechanism (in this case the 
field of an analysing magnet (Shannon, 1962)). Usually 
the initial and final ions of the aissociation reaction 
72. 
also occur as normal peaks in the spectrum. Determination 
of the masses of the ions involved in a meta-stable 
transition is discussed fully by Beynon (1960). 
,J;,nterpretation 
This section includes a discussion of the electron 
impact induced fragmentations of halfordinol and 
halfordine and correlates them with the proposed structures 
of these compounds. Use was made of the differences and 
similarities between the spectra of these two bases (and 
their derivatives) and those of four 2,5-diphenyl-
oxazoles. These were 2,5-diphenyloxazole, 2-(3-chloro-
phenyl)-5-phenyloxazole, 2-(3-~ethylphenyl)-5-phenyl-
. ~ 
oxazole and 2- (4-methylphenyl)-5-phenyloxazole. 
The molecular ion peak of halfordine (XLVI), at m/e 
340, confirmed the moleculax formula, c19H20o4N2 , and 
the largest peak on the mass spectrum (Fig. 12), 
occurring at m/e 238, indicated the loss of the isoprene 
side chain and rearrangement of a hydrogen atom to form 
the molecular ion of halfordinol (c141S_002N2). The 
region of the spectrum between these two peaks is mainly 
associated with ions formed by loss of part of the 
k. All mass spectra were determined by Dr. J.S. Shannon, 
Division of Coal Research, C.S.I.R.O. Sydney, on an 
Atlas CH4 type of mass spectrometer. For experimental 
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isoprene side chain . The intensities of all the peaks 
in this region are low (below 10% of the molecular ion) 
and , therefore, suggest that loss of the ether fragment 
as a whole is a preferred reaction . 
The pattern of the degradations proposed for the 
side chain is shown in Fig . 13. Loss of water (1) is 
characteristic of the fragmentation pattern of alcohols 
(Beynon , 1960) as is the fission at a tertiary carbon 
atom (2) in an aliphatic chain. These reactions give 
small ion peaks at m/e 322 and 325 respectively. The 
next lowest peak in the spectrum, at m/e 30? (M-33), 
is probably due to a combination of both these types of 
degradation . Further peaks at m/e 281 and 251 can be 
Fig. 13 0 
readily attributed to fission at (3) and (4), 
respectively . Two major peaks at m/e 59 and 89 are 
+ + probably due to (C3H70) and (C4Hg0 2 ) because they 
are not present in the spectrum of halfordinol and are 
considered to arise from the other ions which could be 
formed by fission at (3) and (4), as shown in Fig. 14 
for cleavage at (3) . Ions formed at m/e 280, (M- 60), 
H3C OH H2) 
"' 
I t 
c+ + .CH - C- 0- R 
H3 C / 6H 
M+ m/e 59 
~c +OH (1:2 
"" 
r i. 
C. + HC - C - 0 - R 
/ bH 
~c 
R c14HgON2 m/e 281 
Fig . 14 0 
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and m/e 263, (M- 77) , are not so readily accounted for, 
and may not be due to a reaction in the side chain. 
For example , the occurrence of a large peak at m/e 77 
in the spectra of halfordine and halfordinol due to the 
pyridine ring suggests that the m/e 263 peak in 
halfordine could also be due to loss of this moiety 
as an uncharged species o 
Except for the two ions mentioned above, the mass 
cracking pattern of halfordine below m/e 238 was identical 
to that of halfordinol (Fig . 12) . The spectrum of 
halfordinol at low mass values showed peaks typical of 
the fragmentation patterns of pyridine (Beynon, 1960) 
and p- hydroxyphenyl compounds (Shannon, 1962). These 
75. 
peaks (for example, m/e 50, 51, 52, 77, 78, 79 for 
pyridine and m/e 65, 77, 78, 93, for p-hydroxyphenyl) 
were distinguishable by shifts produced on deuteration 
of the hydroxyl _group of halfordinol. The peaks at 
mass 65 , 77 and 78 showed partial deuteration, although 
they were probably the ions shown below. 
H 
H H H H 
H. H H H 
H 
~ m/e 78 m/e 77 m/e 65 
H H 
M
+o __ , 
7 H > H H 
m/e 93 
This is due to rearrangement of hydrogen (or deuterium) 
atoms by mechanisms such as are shown for the m/e 65 
peak (Shannon, 1962) 0 The major fission positions for 
the low mass region of the spectrum are shown below. 
::---..... 
.N \ 
78+ (no D shift) ·~ 
t_,' // 





---> 93+ (D shift) 
H 
105+ ( D shift) 
76. 
It is difficult to assign a "reasonable" structure to 
the ion of mass 105 (formed as depicted above) . However, 
the occurrence of this type of reaction product is 
confirmed by a peak at mass 106 in deuterohalfordinol 
and large peaks at mass 89 in all the 2,5- diphenyl-
oxazole spectra . This ion could be stabil;sed by 










Two other ions, which occur at m/e 121 and 117, 
could result -from fission at the positions shown in 
Fig . 15 . The fonnation of tle acylium ion (LXVII, 
Shannon , 1962) from halfordinol confirmed the position 
of the p- hydroxyphenyl group on the oxazole nucleus 
(see section IIo4) . Again this reaction is confinned by 
+ 





117+ ( no D shift) f-' 
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Fig . 15 . 
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results in the spectra of the synthetic oxazoles 
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(Figs. 16 and 17) , where strong peaks were observed at 
m/e 105 and (M-105). 
A number of strong peaks at m/e 210, 209, 183, 182, 
155 and 154 are present in the spectrum of halfordinol; 
all show a shift of one mass unit on deuteration. The 
nature of the transitions occurring to form these ions 
77. 
was elucidated by a study of the meta-stable peaks present 
in the spectrum. These peaks indicated that the following 
transitions occurred . 
238+ 210+ + 28 
I 209 + 1 
'- 183+ + 55 
I '.\ 182+ + 1 I 
155+ + 28 
~ 154+ + 1 
Corresponding peaks, at m/e (M-28) and (M-55), also 
appeared in the spectra of the synthetic oxazoles, thus 
indicating that these ions were formed by degradation of 
the oxazole ring . The compounds also showed strong 
peaks at m/e (M-28-1) and (M-55- 1) except in the case of 
the 2-(4-chlorophenyl)- and 2-(4-methylphenyl)-5-phenyl-
oxazole where even stronger peaks occurred in the spectrum 
at m/e (M- 55- Cl) and (M- 55-CH3 ), respectively. These 
results indicated that, in the transformations mentioned 
above, the molecular ion dissociated to form an odd-electron 
78. 
ion and an even- electron molecule of mass 28 or 55. The 
odd - electron ion then rearranged and lost a free radical 
to form a more stable even- electron ion (McLafferty, 1959). 
Although hydrogen is easily lost as a free radical, 
chlorine and the methyl group would form free radicals 
even more readily (Shannon, 1962a) . 
The possible fragments of mass 28 include N2 , c2H4 , 
CH~ , and CO . The first can be eliminated as it could 
not occur in the synthetic oxazoles and the second because 
it would require extensive rearrangement of at least three 
hydrogen atoms . The choice between CH2N and CO is more 
difficult and could only be confirmed by high-resoluti?n 
mass spectrometry. Both require considerable rearrangement 
for elimination to occur. The latter is more strongly 
favoured as loss of a neutral CO molecule by rearrangement 
is known to occur with a large variety o~ compounds (for 
example , diphenyl ether (Beynon, 1960) . Thus, the 
reaction patn illustrated for halfordinol in Fig. 18, 
would give the ion m/e 210 by loss of CO. Elimination 
of a hydrogen radical could then occur to give an even-
electron, five - (or seven-) membered ring ion, m/e 209, 
which would be expected to be more stable . A similar 
mechanism has been postulated for the loss of CO and CHO 
from the parent ion of diphenyl ethero 
a N/ 






















However , other mechanisms could be suggested which 
would rearrange the nitrogen atom on to the 2 or 4 
positions of the pyridine ring and give different ions 
of mass 210 and 209 . On the other hand, ions formed by 
loss of CH2N would not be expected to lose a hydrogen 
radical and would probably eliminate CO as a favoured 
second step . 
Of the possible fragments of mass 55, such as c4H7 , 
c2H3N2 and c3~o, all can be ruled out except c2HNO since 
80. 
they require too many hydrogen or nitrogen atoms. For 
the loss of this fragment to occur, the oxazole nucleus 




m/e 183 m/e 182 
Here again the rearrangements can occur in a number of 
ways, and no final structure can be selected for the ion 
formed until the mass spectra of model compounds ra.ve 
been studied . The rearrangement of a hydrogen atom from 
the hydroxyl position into the ring to form the ions of 
mass 183 and 182 above, is similar to that shown for 
format±on of the ion of mass 65, p . 75 and could also 
account for the deuteration of the ion, ·m/e 155 ( .LXVIII) . 
CH 
m/e 183 - 0 ) 




Thus, the mass s ectra of halfordine ana halfordinol 
are fully consistent with the proposed structures of 
these alkaloids~ The results also indicated the 
occurrence of an unusual series of rearrangement reactions 
in oxazole compou as and further investigations are being 
carried out to determine the nature of the ions formedo 
As mentioned in section II.4, mass spectrometry was 
applied to the determination of the structure of p-carboxy-
phenoxyacetic acid (the oxidation product of halfordine). 
This technique determined the molecular weight of the 
compound and with the help of chemical evidence was able 
to confirm its structure. The mass spectrum of p-carboxy-
phenoxyacetic acid (Fig . 17) was interpreted by Shannon 
(1962a) as illustrated (for the major peaks only): 
COOH 
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The nature of the ions formed and the reactions occurring 
was determined by positions of meta-stable peaks and by 
deuteration experiments e 
II o9 . Synthetic Routes to the Halfordia Alkaloids 
Ott ana his co-workers (1956) have synthesised the 
three isomeric 2- (pyridyl) - 5- phenyloxazoles (LXIX), from 
the respective pyridine carboxylic acids and w.-aminoaceto-
phenone (LXX) by the Robinson-Gabriel method (Cornforth, 





( LXIX) (LXX) 
Therefore, this method was chosen as the most promising 
synthetic route to the Halfordia alkaloids. 0-methyl-
halfordinol was selected for attempted synthesis so that 
the hydroxyl group could be protected against other 
83. 
reactions by methylation . The c.o-amino-4-methoxyaceto-
phenone was synthesised by the method of Mannich and 
Hahn (1911) from the w-chloro-4-methoxyacetophenone and 
treated with nicotinoyl chloride to give the amidoaceto-
phenone ( LXXI) o 
( LXXI) 
Although it was not analysed, I.R. bands at 1710 cm-1 
(ketone C=O) and 1660 cm- 1 (amide C=O) indicated that 
condensation had occurred. (The previous workers (Ott 
et al ., 1956) cyclised their amidoacetophenone 
intermediates without attempting to purify or characterise 
them) . An attempted cyclisation of the intermediate 
(LXXI) with phosphoric acid yielded a tarry gum. A small 
amount of a blue fluorescent base was isolated from this, 
which indicated that 0- methylhalfordinol was probably 
formed . However, not enough material was obtained for 
positive identification. Lack of time prevented further 
study of this reaction, but it is probable that other 
conditions will give reasonable yields of cyclisation 
product . 
840 
Evoxoidine (LXXII) was synthesised (Eastwood et al., 
1954) from the sodium salt of the phenol (LXXIII) by 
0 ~H3 ( LXXII .) 
?H3 




(LXXIII) R = H 
reaction with l-chloro-3-methylbutan-2-oneo An attempted 
synthesis of halfordinone from halforainol using the 
same method was unsuccessful and only led to the 
production of deep red tars . Although this may be due 
to the use of unsuitable conditions, which could be 
overcome by further study, the possibility cannot be 
ignored that the halfordinol anion may react in a form 
such as (LXXIV) o Similar structures were mentioned in 
connection with alkaline hydrolysis of the Halfo£dia 






If this is the case, the proposed synthetic route to 
halfordine (from the sodium salt of halfordinol and iso-
85. 
pentenyl bromide to give , 
0 
' YH3 N 
0 - CH2 C = C - CH3 
and then treatment of the product with osmium tetroxide) 
can not be used . 
Thus, synthesis of the Halfordia. alkaloids does not 
appear to be as straight- forward as expected. Shortage 
of time precluded a more detailed examination of this 
aspect of the worko 
SECTION III 
EXPERIMENTAL 
All melting points are uncorrected. Microanalyses 
were carried out by the C.S. I.R.O. Microanalytical 
Laboratory under the direction of Dr. K.W . Zimmermann . 
The names of new compounds are underlined when first 
mentioned in the experimental section. 
The ultra-violet spectra recorded in this thesis 
_have been determined in quartz cells, using a Unicam 
S. P. 500 manual spectrophotometer or (where changes in 
absorption with pH were to be observed) a Beckman DK- 2A 
ratio recording instrument. Infra-red spectra (I .R.), 
were recorded on a Unicam S.P. 200 spectrophotometer, 
equipped with sodium chloride optics, or (where accurate 
values(! 2 cm-1 ) are stated for peak positions) on a 
Perkin , Elmer 112 single beam, double pass instrument 
equipped with sodium chloride, lithium fluoride or 
calcium fluoride optics. Nuclear magnetic resonance 
spectra were measured with a Varian A-60 spectrometer 
by Tir. D.S. Horn of the C.S.I.R.O.Division of Physical 
Chemistry . 
Unless otherwise stated, light petroleum refers to 
a hydrocarbon fraction b.p. 60-80°. 
87. 
EXPERIMENTAL 
Isolation of the Alkaloids of Halfordia Scleroxyla F. Muell. 
The dried , milled bark (30 kg) was percolated with 
methanol at room temperature until little further 
extraction occurred (3 weeks) . After the extract (200 1) 
was concentrated under reduced pressure (to 16 1) and 
diluted with water (16 1) , the concentrate was exhaustively 
extracted with ethyl acetate to remove the coumarins, 
essential oils and tertiary bases . The residual aqueous 
phase was then stirred with Nylon Filtration Paste (D.S. 
3850 . I . a . I . Ltd . ) (7 kg) for 8 h, to adsorb polyphenolic 
material, and filtered under suction . A hot, aqueous 
solution of picric acid was added to the filtrate until 
no further precipitation occurred and the picrate 
collected by filtration . Slow crystallisation continued 
for several days and further crops were collected 
periodically . The product, N-methylhalfordinium picrate, 
after purification gave a total yield of 320 g (corres-
ponding to Oo65% N- methylhalfordinium ion) . 
The ethyl acetate extracts from the original 
concentrate were evapoured to small volume (5 1) and 
extracted with 2 !-hydrochloric acid until no further 
basic material was removed. The combined acid extracts 
were made alkaline with ammonia and extracted with methylene 
chloride On removal of the solvent, the te tiary bases 
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were obtained as a light brown gum (7 g; 0 . 02% of dried 
bark weight) . This was dispersed on alumina in methanol 
and the solvent removed at 40° . The resultant powder 
was packed on top of a column of alumina (activity I, 
40 x 3 cm) and successively eluted with ether, chloroform 
and methanol o Ether eluted halfordinone (1.5 g) which 
was recrystallised from acetone/light petroleum giving 
colourless needles, m. p o 132- 133° (Found: C, 71.1; H, 
5 . 8; o, 15 . 4; N, 8 . 5; C-Me, 4.0. c19 i-:s_8o3N2 requires 
C, 70 08 ; H, 5 06; O, 14 . 9; N, 8 . 7; 1 x C-Me, 4 05%). 
The IR. spectrum of this compound (chlorofonn) showed 
a band at 1728+2 cm- 1 (ketone C=O) . The complete I.R. 
spectrum (nujol) is shown in Fig. 19 . 
Chloroform/ether mixtures eluted a solid (l oO g), 
which was rechromatographed in ether to give halfordinone 
(0 . 5 g) and halfordamine (0 . 25 g) . The latter was re-
crystallised from ethyl acetate to give colourless cubes, 
0 
m. p . 240- 241 (Found: C, 64 . 9; H, 5.5; N, 7o2. 
c1111i1o3N requires c, 64 . 4; H, 5 . 3; N, 608%). The 
I .R. spectrum (nujol) shows strong bands at 3175 cm-l 
(amine NH), 1710 cm- 1 , 1640 cm-1 , 1603 cm- 1 , 1040 cm-1 
and 1320 cm- l o The ultra-violet spectrum is shown in 
Fig . 22 . 
The residue from the chloroform eluates, when re-
crystallised from methanol, yielded halfordine (4.0 g) 
as cream needles, mop . 163- 164° (Found: C, 67 O; H, 5.9; 
o, 19 . 2· N, 8 . 1 ; C-Me, 3.7. c19H20o4N2 requires 
C , 6 7 . 1 ; H, 5 • 9 ; 0 , 18 o 8 ; N, 8 • 2 ; C-Me , 4 o 5%) o 
89. 
( ) -1 The I.R . spectrum chloroform showed bands at 3602+ 2cm 
and 3589+2 cm-1 due to two hydroxyl OH bands . The 
-
complete I . R. spectrum of halfordine is shown in Fig . 20 . 
Chloroform/methanol (1/1) eluted halfordinol (O o09 g) , 
crystallising from methanol as fine cream needles, m.p . 
255- 257° (Found: C, 70 o3; H, 4o3; O, 14 ol; N, ll o3. 
c14R:t_002N2 requires c, 70 . 5; H, 4 . 2; O, 13 . 4; N, 
11 . 8%) . The I.R. spectrum (nujol) is shown in Fig . 21 . 
N-Methylhalfordinium Salt~ 
(i) Picrate. - The crude picrate, isolated as described 
above, was recrystallised from water to give golden 
needles, m. p o 143~144° (Found: C, 52.2; H, 4 . 7; N, 
11. 1. c20H25o1N;. C6H2017N; requires C, 5l o9; H, 4 . 5; 
N, 11 06%), which resolidified and subsequently remelted 
at 195° . Recrystallisation of the material with m.p . 
144° from hot methanol yielded orange prisms, mop . 
198-199° (Found: C, 53.7; H, 4 . 3; O, 29 . 0; N, 11 ~8; 
N-Me, 2. 2 . c20H23o4N; o c6H207N3- requires C, 53 . 6; 
H, 4 o3; O, 30 o2; N, 12 . 0; 1 x N-Me, 2. 6%) . Picric 
acid was estimated by continuous solvent extraction of 
an acidified solution . (Found: 38 00%, calc . for the 
formula above: 39 01%). Recrystallisation of the picrate 
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Fig. 24. I.R. Spectrum of 
N-Methylhalfordinium Chloride {nujol) 
3500 3000 2500 1600 
-1 Frequency cm 
1400 1200 1000 500 
~ 
0 
m. po 144 • 
90. 
The residues from crystallisation of the picrate, 
obtained from the isolation procedure, were chromato-
graphed over alumina in aqueous acetone (1/10), and the 
eluates concentrated under reduced pressure to yield 
further quantities of pure picrate, m. p . 144°. 
(ii) Chloride - The pure N- Methylhalfordinium picrate 
(O o60 g) was dissolved in the minimum volume of 30% 
aqueous methanol and passed through a column of DeAcidite 
FF (chloride fonn) o The column was then washed with a 
little aqueous methanol. Evaporation of the eluates to 
dryness gave a yellow solid (0 . 35 g), which was 
repeatedly recrystallised from ethyl acetate/methanol 
to give N-Methylhalfordinium chloride as fi ne yellow 
needles, m. p . 235° (~comp . ) (Found : C, 60 08 ; H, 5 . 9 ; 
O, 17 07 . c 20H23o4N2c1 requires C, 61 . 4; H, 5 9 ; o , 
16~4%) o Analysis indicated retention of wat er, but 
further drying led to decomposition. The original 
picrate (m.p. and mixed m. p . ) could be prepared from 
this co~pouna , establishing that no chemical change in 
the cation had occurred. For large scale preparation 
of N- methylhalfordinium chloride the picrate salt was 
dissolved in aqueous acetone prior to treatment with ion 
exchange resin. The eluates were then evaporated to 
dryness at low temperature and pressure (approx. 30° at 
15 mm)o The I.R. spectrum of this compound (nujol) is 
shown in Fig. 23 . 
910 
(iii) Perchlorate - The chloride (3 . 0 g) in water (20 ml) 
was treated with aqueous ammonium perchlorate (5%, 20 ml) 
and the resultant precipitate recrystallised from water 
to give fine yellow needles (o o3 g), mop . 146-148° . On 
further recrystallisation, with slow cooling of the 
solution, a higher-melting fonn of N- methyl~lfo~di~ium 
perchlorate was obtained as orange prisms (o oO g), m. po 
206-207° (Found: c , 5lo0; H, 5 o5; N, 5 . 7; Cl, 7 . 4. 
+ Cl04 
- H20 requires C, 50 08; H, 5 . 3; N, 020H2304N2 • .. 
5 . 9; Cl, 7 .5%). The form with m. p . 148° could not sub-
sequently be prepared at will, in contrast to the case of 
the low melting picrate salt. A pure sample could not 
be prepared for analysis. The pure perchlorate with m.p . 
207° was readily convertible to either form (m.p. 144° 
or m.p. 199°) of the picrate (m . p . and mixed m. p . ) by 
selection of suitable conditions for crystallisationo 
Demethylation of_N- Methllhalfordinium chloride 
(i) N- Methylhalfordinium chloride (8 . 0 g) was heat ed 
under reduced pressure (190°/0 Q2 mm for 2 h) until no 
further decomposition could be observed. The residual 
red gum was chromatographed over alumina as described 
for the tertiary alkaloids, yielding halfordinone (Oo5 g), 
920 
halfordine (4.7 g) and halfordinol (0.3 g) o All were 
identified by comparison of the I . R. spectra with those 
of authentic specimens. 
(ii) N-Methylhalfordinium chloride (2.1 g) was heated 
under reduced pressure (230°/10 mm for 4 h) until no 
further decomposition was observed. The residual red gum 
was chromatographed over alumina, as described above, to 
yield halfordine (0 .2 g), halfordinol (O ol5 g) and a 
third base ( 45 mg), which on recrystallisation from 
methanol yielded light orange needles (XXXI), m.p. 195-196° 
(Found: c, 67.1; H, 508; N, 8 . 0; o, 1900. Cl9Hl804N2 
requires c, 67.4; H, 5.4; M, 8 .3; O, 18o9%) • The I.R. 
spectrum of the last compound (nujol) showed bands at 
3460 cm-l (hydroxyl OH) and 1721 cm- 1 (ketone C=O) . 
Methylation of Halfordine 
Treatment of halfordine (120 mg) with methyl iodide 
(1.0 ml) in methanol (1.0 ml) (at 100° for 2 h, in a 
sealed tube), regenerated the N-Methylhalfordinium cation, 
identified by conversion to the picrate (100 mg) and 
comparison with an authentic specimen (m.p. and mixed 
m. p.; I.R. spectra)o 
Monoacetylhalford!g~ 
Halfordine (200 mg) was heated in acetic anhydride 
(2o0 ml) with a drop of pyridine for 16 hat 100°0 The 
93. 
solution was made alkaline with sodiUt~ bicarbonate and 
extracted with ether. The extract was concentrated to 
10 ml and chromatographed on alumina (activity I, 1 x 10 
cm) . The first fractions eluted with ether yielded a 
colourless solid (85 mg), which on crystallisation from 
acetone/light petroleum, gave colourless needles of 
monoacetylhalfordine, m. p . 111- 112° (Found: C, 65.9; 
H, 6 . 0 ; N, 7 . 1; CH3CO, 10 . 4. c19H19o4N2• CH3CO requires 
C , 6 6 o O ; H , 5 o 8 ; N , 7 • 3 ; CH3 CO , 11 o 2%) • The I • R. 
spectrum (chloroform) showed bands at 3593+2 cm- 1 
(hydroxyl OH) and 1750~2 cm- 1 (acetyl C=O). Subsequent 
fractions eluted with ether/chloroform (95/5) yielded 
halfordinone (50 mg) identified by I .R. spectrum. 
The diacetate could not be prepared, presun:ably 
because of steric hindrance at the tertiary hydroxyl 
group . 
Acid Hydrolysis of Halfordine 
(i) Halfordine (O Q15 g) in 12 ! - sulphuric acid (5 ml) 
was heated for 3 hat 100° . The solution was made alkaline 
with ammonia and continuously extracted with ether. 
After removal of the solvent, the residue was sublimed 
at 180°/0 ~2 mm, giving halfordinol (O o08 g) as cream 
needles, m. p . 255- 257° (undepressed on admixture with 
an authentic specimen) G The identity was confirmed by 
-
94. 
the I.R. spectrum. 
(ii) Halfordine (0.75 g) in 5 !-sulphuric acid (20 ml) 
was heated for 2h at 100°. The solution was made 
alkaline with ammonia and continuously extracted with 
ether. After removal of the solvent, the residue was 
chromatographed on alumina, as described for the isolation 
of the tertiary alkaloids, to yield halfordinone (O ol5 g), 
halfordine (0.35 g) and halfordinol (O o05 g) . The 
identities of the bases were confirmed by comparison of 
their I .R. spectra with those of authentic samples. 
Acid Hldrollsis of Halfordigon~ 
Halfordinone (0 . 1 g) was hydrolysed to halfordinol 
(55 mg) in 10 ~-sulphuric acid by the method described 
for halfordine. The identity of the product was 
confirmed by the I.R. techniqueo 
0-Acetylba~fordinol 
0- Acetylhalfordinol was prepared by heating halfordinol 
(O o08 g), acetic anhydride (2 QO ml) and pyridine (2 
drops) on the water bath for 5 h . After hydrolysis of 
the excess anhydride, the bases were removed and 
sublimed at 150°/0 02 mm to give fine, cream needles 
(O o04 g), m. p. 167-168° (Found: C, 68Q7; H, 4 . 4; O, 
17o4; N, 9 . 7. c16H12o3N2 requires C, 69 . 0; H, 4.3; 
O, 16.9; N, 9 09%). The I.R . spectrum showed a band at 
1751+2 cm-l (chloroform) due to the acetyl C=O group. 
-
Q_-Methylha.lfo.!9.~0l 
0-Methylhalfordinol resulted from the treatment of 
halfordinol (Oo25 g) in methanol (20 ml) with excess 
ethereal diazomethane. After removal of the solvents 
95. 
and purification by chromatography over alumina in ether, 
the product (0.23 g) was obtained from light petroleum 
as colourless needles, m.p. 99-100° (Found : C, 71 . 3; 
H, 4o9; O, 10 . 8; N, 13 .1. c15~ 20 2N2 requires C, 71.4; 
H, 4 08; O, llol; N, 12.7%). 
Acid Hydrolysis of N-Methylhalfordinium chloride 
N- Methylhalfordinium chloride (3 . 0 g) in 7 N-hydro 
-
chloric acid (20 ml) was heated on a steam bath under 
reflux (8 h)o Water (20 ml) was added and the mixture 
slowly distilled until a sweet odour could no longer be 
detected in the residue, which was then partially 
neutralised (to pH 2) with 5 N-ammonia and treated with 
aqueous picric acido Recrystallisation of the 
precipitated N-methylhalfordinol p~crate from aqueous 
acetone yielded orange-brown needles (208 g), m. p . 
316-320° (Found: C, 52.5; H, 3 . 3; N, 14.3; N-CH3 , 
+ 2 . 7. c15f\ 302N2 o c6~o7N3- requires c, 52.4; H, 3 . 1; 
N, 14.5; 1 x N-CH3 , 3gl%). 
96 
N-Methylhalfordinol perchl2_!ate was obtained via the 
chloride (m . p. 210-215° - not analysed) as desc ibed 
previously for the N-methylhalfordinium ion. It 
crystallised from water as yellow- brown needles, IDoP o 
258° (Found: C 480?; H, 4.4; N, 7 . 3; Cl, 10.3. 
c15~ 302N; . c104-.H2o requires C, 48 . 5; H, 4.1; N, ? . 5; 
Cl, 9 07%) . 
The distillate from the acid hydrolysis was extracted 
several times with ether and the solvent removed by 
careful distillationo The residual oil was analysed 
on a Gas Chromatograph ( F M Scientific Corporation, 
Model 500) using a Carbowax 2J M column and helium as 
the carrier gas . Fractions were collected by passage 
of the effluent gases into cooled carbon tetrachloride 
and the I.R. spectra were recorded direct . In the case 
of carbonyl components, the 2,4-dinitrophenylhydrazones 
were prepared in a similar manner. Comparison of the 
retention volumes (Table 3), I .R. spectra and derivatives 
resulted in the identification of acetone, iso-propanol 
and l-hydroxy-3-methylbutan-2-oneo Several other 
components (Fig. 24) were not identified; acetaldehyde 
could not have been isolated under the conditions used. 
(ii) N-Methylhalfordinium chloride (308 g) in 5 
!'[-hydrochloric acid (40 ml) was heated on a steam bath 
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neutralised (to pH 2) with 5 !-ammonia and treated with 
excess aqueous ammonium perchlorate. The resulting 
solid was recrystallised from water ten times to yield 
yellow needles of N- methylhalfordinone pe!:2_!:fhorate (0.5 g), 
0 
m. p . 158- 160 (Found : C, 52. 6; H, 4 o9; N, 6 . 5; Cl, 
+ - . 8 . 3. c20H21o3N2 • 0104 • H20 requires C, 53o2; H, 5.1; 
N, 6 . 2; Cl , 7 . 8%) . The analysis indicated that the 
product was contaminated with N- methylhalfordinol 
perchlorate . The I .R. spectrum (nujol) showed a band 
at 1710 cm- 1 (ketone 0=0) . Concentration of the mother 
liquors from the above recrystallisation yielded 
N- methylhalfordinol perchlorate (1.5 g). 
Demethylation of N- Methylbalfordinol Chloride 
N- Methylhalfordinol chloride (0 . 1 g) was heated 
under reduced pressure (200°/0 . 2 mm for 3 h) until no 
further decomposition could be observed. The product 
was then sublimed at 180°/0 ol mm to give fine needles 
of halfordinol (70 mg), m. p. 255- 257° (undepressed on 
admixture with an authentic sample: confirmed by I.R. 
spectrum) o 
Methylation of halfordinol with methyl iodide in 
methanol in the usual manner, gave !-methylhalfordinol 
iodide, m. p . 232- 233° (not analysed) . Its identity 
was established by conversion to the picrate and 
comparison with an authentic specimen obtained by acid 
hydrolysis of N-methylhalfordinium chlorideo 
Periodate Oxidation of Halfordine 
Halfordine (0 . 12 mg) was added to a solution of 
periodic acid (0 . 11 ~' 5 ml) and dilute sulphuric acid 
slowly added until the solid dissolved . After 2 h, the 
solution was distilled directly into a solution of 2,4-
dinitrophenylhydrazine in dilute sulphuric acid . The 
resultant precipitate was recrystallised from ethanol, 
givin·g acetone 2, 4-dinitrophenylhydrazone (Oo015 g), m.po 
124°, identified by comparison with an authentic specimen. 
In another experiment the reaction mixture was 
stirred at 50° for 2 h, made allr~line with sodium bi-
carbonate and the light brown solid filtered off, washed 
and dried (O o07 g), m.p . 140- 145° . The I.R. spectrum 
of this compound (chloroform) showed a band at 1740-2 cm-1 
(a ldehyde c~o) . Attempted recrystallisation from ethanol 
resulted in the formation of an intractable tar. 
Sublimation of this at 180°/0 o2 mm gave halfordinol (Oo05 
g) , which was identified by its I.R. spectrumo 
Oxidation of N-Methllhalfordiniurn Chloride 
The quaternary chloride (l o5 g) in 2 !-sulphuric 
acid (50 ml) was treated with finely powdered potassium 
permanganate until it was no longer decolourisea. After 
clarification with a little sodium sulphite, the solution 
1000 
was continuously extracted with ether to give, on removal 
of the solvent, fine colourless needles (0.2 g) of p-
carboxyphenoxy acetic acid, m.p. 283° (Found: C, 55.3; 
H, 4 . 4 . Cale. for c9H805 ; C, 55.1; H, 401%). Comparison 
(m . p . and mixed m. p., I.R. spectra) with an authentic 
specimen confirmed the identity. No other products were 
isolated . 
Oxidation of halfordine under the same conditions 
also gave p-carboxyphenoxyacetic acid as the only 
product isolated 
::e=Qarboxyphenoxyacetic acid 
This compound was prepared according to the method 
of Meyer and Duczmal (1913) . p-Hydroxybenzoic acid (1.7 g) 
and chloroacetic acid (lo2 g) were refluxed in water 
(20 ml) containing sodium hydroxide (3 g) for 3 h. The 
reaction mixture was acidified with dilute hydrochloric 
acid and cooled in ice. The resulting white precipitate 
was washed with water, dried and recrystallised from 
ethanol to yield fine colourless needles of p-carboxy-
phenoxyacetic acid (1 . 5 g), m. p. 282- 283°. 
The acid (0 . 2 g) was methylated with diazomethane 
in ether and the product crystallised from light petroleum 
as colourless prisms of p-carboxyphenoxyacetic acid 
dimethylester (0 17 g), m. p. 92-93° (Found: C, 58 . 8; 
101. 
H, 5 . 6 ; O, 36o0 • Cale. for c11f\ 205 : C, 58.9; H, 5o4; 
o, o5 . 7%) o 
Oxidation of O- Methylhalfordino1 
0- Methylhalfordinol (l o5 g) was oxidised under the 
same conditions as N- methylhalfordinium chloride. 
Extraction of the reaction mixture with ether gave anisic 
acid (O o6 g), m. p . 184°, identified in the usual manner . 
The residual aqueous solution was adjusted to pH 6.5 
with 2 ! - sodium hydroxide, concentrated to crystallisation 
at 25° over cone . sulphuric acid, and continuously 
extracted with methylene chloride. Evaporation of · the 
extracts yielded nicotinamide (0 . 1 g), m. p . 1310 (Found: 
C, 59 . 1 ; H, 5 . 1 . Cale. for C6H60 N2 : C, 59 ~0; H, 
4 .9 %) , which was identified by comparison with an 
authentic specimeno 
Hydrogenation of N- Methylhalfordinium Perchl2,Eate 
N- Methylhalfordinium perchlorate (2 . 2 g) in 5 !-
hydrochloric acid (50 ml) was shaken with platinium 
oxide (O o4 g) and hydrogen for 6 hat 20°/720 mm. The 
initial yellow solution turned dark red, then faded to 
colourless . After hydrogen uptake had ceased (ca. 14 
moles) the catalyst was filtered off, washed and the 
combined filtrates extracted with ether. After removal 
of the solvent, the residual liquid was identified as 
102. 
iso- propanol (vapour phase chromatography and I.R. 
spectrum) . The acid solution was made alkaline and 
extracted with ether to yield a colourless solid (1.0 g). 
This crystallised from light petroleum to give colourless 
needles of N- methylhexahydronicotinoyl- 2-cyclohexyl-
£._thyla.g!ine (XXXV) , m. p o 85° (Fauna: C, 71 . 3; H, 11 ~1; 
O, 6 06 ; N, 11 . 2; C- CH3 , O. Oo c15H28oN2 requires C, 
7l o3 ; H, llo2 ; O, 6 04; N, 11 . 2%) . This compound 
showed strong I .R . bands at 3340 cm- land 3080 cm- l 
(amide NH) , 1456 cm- l (N- CH3 deformation) and 2750 cm-l 
(N- CH3 CH) in nujol , and bands at 1660~2 cm-
1 (amide C=O) 
and 1556+2 cm- 1 (amide II , Bellamy (1960)) in chloroform 
-
solution The amide II band was displaced on deuterationo 
To test for formation of 1, 1- dimethylglycerol 
during the hydrogenation reaction, the basified and 
extracted reaction-mixture from above was reacidified 
with dilute sulphuric acid, boiled for l h (to remove 
volatile impurities) and oxidised with chromic acid . 
The solution was then distilled directly into a solution 
of 2 , 4- dinitrophenylhydrazine in dilute sulphuric acid. 
The resulting precipitate was recrystallised from 
ethanol, giving acetone 2,4-dinitrophenylhydrazone (O.lg), 
which was identified by comparison with an authentic 
specimeno 
N- Methylhalfordinol perchlorate was similarly 
hydrogenated to give the same amide (XXXV)in 80% yieldo 
103. 
Under the same conditions halfordinol and halfordine 
gave mixtures from which no pure chemical entity could 
be isolated . 
N- Nicotinoyl- 2- :phenllethylamine (XL) 
Nicotinic acid (2 . 0 g) and 2-phenylethylamine (2 ml) 
were heated under gentle reflux for 2 hand on cooling 
the contents set to a crystalline mass. Recrystallisation 
from ethyl acetate/light petroleum (1/1) afforded N-
nic2tinoyl- ~- Ehenylethylamine (3 o3 g) as colourless 
needles, m. p. 79° (Found: C,74 . 2; H, 603; N, 12.1; 
c14f1:t_4 0N 2 requires C, 74 . 3; H, 6 02; 
I . R. spectrum (nujol) shows bands at 
) - 1 -1 ( C=O and 3370 cm , 3080 cm amide 
N, 1204%) o The 
1650 cm-l (amide 
NH)• 
N- Methylhexahydronicotinoyl-2- cycloheJOLle,i_h_ylamine (XXXXl 
N- Nicotinoyl-2- phenylethylamine (loO g) in 5 !-
hydrochloric acid (10 ml) and 95% perchloric acid (0 . 2 
ml) was hydrogenated at 70 p . s . i . over platinium oxide 
(O o4 g) giving, after the usual work-up, a colourless 
solid (O o7 g), m. p . 50-55°~ Without further purification 
this material was dissolved in 90% formic acid (1 . 0 ml) . 
Formaldehyde solution (30%; 0 . 5 ml) was added and the 
resulting solution heated on a water-bath for 8 h . 
After addition of 10 N-hydrochloric acid (Oo5 ml) and 
-
1040 
distillation of the excess formic acid and formaldehyde, 
the solution was made alkaline and extracted with ether. 
Removal of the solvent , followed by recrystallisation of 
the residue from light petroleum gave N-methylhexahydro-
nicotinoyl- 2- cyclohexylethylamine (0 9 4 g) as colourless 
needles , m. p . 85°, identical with the product from the 
hydrogenation experiments above (m.p . and I.R. spectra). 
Lithium Aluminium H,ydride Reduction of the amide (XXXVl 
The hydrogenation amide (XXXV) (0 . 67g) was added slowly 
to a solution of lithium aluminium hydride (0 . 35 g) in 
ether . The excess hydride was destroyed with water and 
the ether layer separated off . Evaporation of the 
solvent yielded a clear viscous oil (0 . 5 g) with I.R. 
bands at 1456 cm- land 2750 cm - 1 (N- methy~ group) and 
- 1 ( 3270 cm amine l\Jll) but no carbonyl band. Add it ion of 
picric acid to a methanolic solution of the oil gave a 
yellow precipitate which crystallised from methanol as 
yellow prisms, m. p . 231- 232° (Found: C, 46 . 2; H, 5o3; 
N, 16e3 ; O, 31 . 9 . c15tt30N2 . (C6t~07N3 )2 requires c, 
46 . 5; H, 5 o2 ; N, l6 c, l; O, 32 . 2%) . 
Potassium Hydroxide Fusion of Halfordinol 
Halfordinol (0 ~4 g) was mixed with potassium hydroxide 
flakes (3 g) and the mixture heated in a distillation 
flask until no further material distilled over into the 
105. 
receiver. The distillate was dissolved in dilute hydro-
chloric acid (10 ml) ana extracted with ether. The 
extract was washed with dilute sodium bicarbonate and the 
solvent distilled off to yield an oily phenol. This 
yielded a crystalline 5,5- dinitrobenzoate ester, which on 
aiechol 
recrystallisation from aqueous/ gave colourless needles 
(20 mg) , m.p . 145-146° , undepressed on admixture with an 
authentic sample of phenyl 3,5-dinitrobenzoateo 
The acidic solution above was made alkaline with 
ammonia and chromatographed on alumina (activity I, 1 x 10 
cm) . Fractions eluted with chloroform/ether (1/10) gave 
a light boiling oil which yielded a crystalline picrate 
as yellow needles (25 mg), m. p . 167° (from methanol), un-
depressed on admixture with an authentic sample of 
pyridine picrate . Later fractions eluted with chloroform/ 
methanol (1/1) yielded the starting material (0.2 g). 
Reaction of N- Methylhalfordinol Perchlorate with Basio, 
Reagents 
N- Methylhalfordinium perchlorate (Oo3 g) in water (10 
ml) was treated with 2 !-ammoniuJU hydroxide (10 ml) and 
heated on a water bath . On cooling the solution a red 
precipitate separated out, which on recrystallisation from 
water yielded fine red needles of dimer (LIV) (Oo2 g), IDoPo 
190- 193° (decomp . with darkening starting at 150°) (Found: 
C, 56 o2 ; H, 4 o9; N, 8 . 6; Cl, 5 o7 . c30H29o10N4Cl requires 
106. 
c, 56 . 2; H, 4 06; N, 8 0?; Cl, 5.5%). Recrystallisation 
of this product from methanol yielded deep red-purple 
needles, m. p . 140-142° (Found: Cl, 8~5. c16~ 6o7N2Cl 
requires Cl, 8 . 6%) . On treatment with dilute perchloric 
acid these products yielded N-methylhalfordinol perchlorate. 
Treatment of N- methylbalfordinol salts with strong 
alkali (~-sodium hydroxide) yielded red or black intractable 
resins . 
Q- Methyl- N~methylhalfordinol iodide 
Methylation of 0- methylhalfordinol with methyl iodide 
in methanol, in the usual manner, gave 0-methyl-N-methyl-
halfordinol iodide which was obtained from methanol as 
yellow needles, m. p. 244-246° (Found: C, 48.6; H, 4.2; 
N, 6 08; I , 31 . 7 . c16~ 5o2N2I requires C, 48 . 7; H, 3 . 8; 
N, 7 ol ; I , 31 09%) . Treatment of a solution of this compound 
in methanol with strong alkali (5 N- sodium hydroxide) 
..... 
showed no reaction, except on prolonged heating on a steam 
bath , when a red resin was formed . 
Dinitro- 0- methylhalfordinol 
0- Methylhalfordinol (O o5 g) was dissolved in con-
centrated nitric acid (20 ml) and heated on a water-bath 
for 8 h . The solution was then cooled and diluted with 
water (20 ml) . The precipitate was filtered off and re-
crystallised from me hanol to yield orang needles of 
Tiinitro- 0-methylhalfordinol (0 . 45 g, 
( "Qouna • C, 5 2 6; H, 3 o 2; 0, 28 o3 • 
0 
. p . 179-180 
N, 16 04 . 
c15f\006N4 requires C, 52. 6; H, 3 o0; O, 28 o2; N, 16 . 4%) 0 
Dinitro- 0-me thylhalfordinol was oxidised with acidic 
potassium permanganate, as described previously for N-
methylhalfordinium chloride, to yield, on recrystallisation 
of the acidic product from water, pale yellow needles of 
3-nitroanisic acid, m. p . 187-188° (Heilbron and Bunbury , 
1953, give 186-187°) (Found: C, 48o7; H, 3.5; N, 7 . 3 . 
Cale. for C8H7N05 : C, 48o7; H, 3.5; N, 7 . 2%). 
Bromination of Halfordinol 
Bromine (Oo5 ml) was added to a suspension of finely 
ground halfordinol (0 . 25 g) in refluxing carbon tetra-
chloride (5 ml) and tne mixture heated for 8 h . After 
the solvent and excess bromine had been removed, the 
residue was dissolved in chloroform and chromatographed 
on alumina (activity I, l x 10 cm) . Fractions eluted 
with chloroform yielded a cream solid, which on re-
crystallisation from chloroform gave cream needles (0 . 07 
g), m.p. 177-179° (not analysed). Fractions eluted with 
chloroform/methanol (5/1) yielded a brown solid (0 . 18 g) 
which on recrystallisation from methanol gave cream 
needles of tribromohalfordinol, m.p. 277- 279° (Found : _________ ,_ 
C, 35 08 ; H, 1.8; Br, 50060 c14H7o2N2Br3 requires 
C, o5 . 4 ; H, 1.5; Br, 50 . 5%) . The I . R. spectrum (nujol) 
108. 
showed a band at 0475 cm-l (hydroxyl OH)o 
Tin- Hydrochloric acid Reduction of N-Methylhalfordinilun 
Chloride 
N-Methylhalfordinium chloride (0 77 g) in 10 !-hydro- . 
chloric acid (15 ml) was refluxed over a small flame with 
tin chips (1.5 g) until the solution was decolourised. 
Water (20 ml) was added and the mixture slowly distilled 
until a sweet odour could no longer be detected in the 
solution. The residue was then made alkaline with 2 N-
sodium hydroxide and extracted with ether to yield a 
yellow solid (20 mg), which crystallised from ethanol as 
yellow needles, m. p. 310- 313° (no further work was 
attempted with this product as not enough material was 
available) o The remaining alkaline residue turned deep 
purple on contact with air and no other products could 
be isolated . 
The distillate from the initial reaction was extracted 
with ether and the solvent removed by careful distillationo 
The residual oil was analysed by vapour-phase chromato-
graphy under the same conditions as the acid hydrolysis 
product of N-methylhalfordinium chloride. The same 
products were isolated as before, but the proportion of 
iso- propanol was greatly increased. 
109. 
!_ttempted Lithium AlUl!,inium Hydride Reduction of Halfordinol 
A suspension of halfordinol (0.32 g) in anhydrous 
ether was added slowly to a solution of lithium aluminium 
hydride (50 m~) in ether. An immediate evolution of 
hydrogen occuITed and the colour of the solution changed 
from yellow to deep red. Extra hydride was added to 
ensure complete reaction and then the excess reagent was 
destroyed by the addition of water. The solution 
immediately lost its colour and on continuous extraction 
with ether yielded halfordinol (O Q27 g). No other 
product could be isolated from the reaction mixture . 
Attempts to reduce halfordine or 0- methylhalfordinol 
with lithium aluminium hydride also gave similar reactions, 
but in these cases the colour change was from yellow to 
orange . Again only the starting material could be 
recovered (in good yield) on working up the reaction 
mixtureo 
Zinc Duet Distillation of Halfordire 
Halfordine (2 g) was intimately mixed with excess 
zinc dust (5 g) and heated in a distillation flask, to 
which was connected a short condenser with a multiple 
receiver . The mixture was heated with a Bunsen flame 
gently at first, then more strongly until no further 
material distilled over. The product was obtained in 
two main fractions. The first was a light brown oil 
110 
with a pyridine-like odour while the second fraction 
sublimed over as a brown solid which crystallised from 
methanol as cream needles of halfordinol (1 g), IDoPo 
255°, identified by comparison of the I.R. spectrum 
with that of an authentic sampleo 
The first fraction was dissolved in ether and 
chromatographed on alumina (2 x 30 cm)o Fractions eluted 
with ether/chloroform (5/1) gave a low boiling oil which 
yielded a crystalline picrate (32 mg) as yellow needles, 
m. p . 167° (from methanol), undepressea on admixture with 
authentic· pyridine picrate. The other fractions yielded 
high boiling oils which formed waxy, intractable pi crates o 
W-Chloro- 4- ~eth£xyacetophenone 
This was prepared according to the method of Kunckell 
and Johannsen (189?) . Chloroacetylchloride (15 g) was 
:refluxed in cs2 (50 ml) with a mixture. of anisole (10 g) 
and anhydrous aluminium chloride (20 g) . The solvent 
was removed by distillation and the residue heated for 
4 hon a steam- bath before being treated with ice and 
dilute hydrochloric acid. The solid product was 
dissolved in methanol, decolourised with charcoal and 
recrystallised from 80% methanol to yield needles of 
w- chloro - 4-methylacetophenone (7 . 5 g), m.p. 148°. 
lllo 
<.u-Amino- 4- methoxyacetoEhenone 
The method of Mannich and Hahn (1911) was used for 
this preparation; as outlined below. w-Chloro-4-
methoxyacetophenone (5 g) and hexamine (4o5 g) were 
dissolved in chloroform (20 ml) and left to stand at 
room temperature for 2 days . The solid addition product 
was then filtered off, dried and added to a solution of 
concentrated hydrochloric acid (10 ml) in alcohol (100 
ml) . After standing for 24 h the crystalline product, 
w- amino-4- methoxyacetophenone hydrochloride (O o4 g) was 
filtered off and recrystallised from alcohol to give 
orange needles, m. p . 203°. 
Nic£tinamido-4- methoxyace!ophenone 
Nicotinoyl chloride (2 g) was dissolved in pyridine 
(15 ml) and stirred while w-amino-4-methoxyacetophenone 
hydrochloride (2 . 5 g) was added in small portions. The 
mixture was then poured into water to precipitate the 
product " The resulting solid was filtered off dried 
and recrystallised from light petroleum to yield 
nicotinamido-4- methoxyacetoEhenone (l o7 g), m.p. 225° 
(not analysed). The I.R. spectrum (nujol) showed bands 
- 1 ( ) -1 ( ) at 1720 cm ketone C=O and 1660 cm amide C=O. 
AttemEted Preparation of 0-Methylhalfordino,l_ 
Nicotinamido-4-methoxyacetophenone (lo5 g) in acetic 
1120 
anhydride (25 ml) and 90% phosphoric acid (2 ml) was 
refluxed for 1 ho After cooling, the supernatant 
liquid was decanted from the tarry precipitate . Strong 
aqueous sodium hydroxide solution (1 ml) was mixed 
with the residue to form a thick oil which crystallised 
after addition of water. The solid was filtered off , 
dried and extracted with light petroleum to yield a 
fluorescent solution. Howeve·r, on evaporation of the 
solvent only a small amount of tarry gum resulted o 
l-Chloro-3-methllbutan-2-0ne 
This was prepared by the method of Eastwood and 
his co-workers (1954) from iso - butyryl chloride and 
-
diazomethane o The resulting liquid was distilled 
through a fractionating column and the purity of the 
fractions checked by vapour-phase-chromatography and 
I . R. spectra. l-chloro-3-rrethyl-2-butanone was 
obtained as a colourless liquid b . p . 56°/15 mm. 
Attempted Preparation of Halfo~dinone 
Halfordinol (0.3 g) was dissolved in a solution of 
sodium methoxide (Oo04 g of sodium) in methanol and 
the solvent removed under reduced pressure at room 
temperature to yield a red solid . A solution of the 
chloroketone (Oo2 g) in anhydrous dioxan (5 ml) was 
added and the mixture refluxed for 5 h . After removing 
113~ 
the solvent under reduced pressure, dilute aqueous 
potassium hydroxide was added and the solution extracted 
with ether. The only product obtained was a deep 
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